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This series of papers deals with the regeneration of 

hemoglobin following simple anemia and the influence of ¢ 

upon this reconstruction. It will be shown that the curve of hem 
regeneration can be influenced at will by various diet factors 

lieve that it is desirable to mention at least two lines of inv stigation 
which are being followed in this laboratory. To determine the value 
of various food factors when given alone or combined with other sub- 
stances. To determine further the few or many substances which 


promote speedy regeneration of hemoglobin and red cells or to ascer- 


tain the optimum food combinations which will vive a maxim in blood 


regeneration following simple anemia Inorganic substances and cer- 
tain drugs are being investigated and this work will be presented in its 


} 


proper place. Some experiments will deal with splenectomized dog 


t hye 


as well as bile fistula dogs but we prefer to present at a later tim 
bulk of our work on splenectomized animals which deals with the re 
tion of splenectomy to blood regeneration under fixed experimental 
conditions. A preliminary report covering a part of this anemia 
has bee n published elsewhere (1 

This work on blood pigment regeneration forms 
any study of “pigmeft metabolism of the body 
closely related to a study of bile pigment excretion which w 
up in our work and has been reported in part in « 
(3). It will be recalled that the excretion of 


i 
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influenced or modified hy various diet factors. For « xample, meat will 


cause increased flow of bile but a decided drop in total bile pigments. 
Carbohvdrate, on the contrary, will reduce the flow of bile but increase 


the total bile pigment output. Decreased functional activity of the 
liver is associated with a decided fall in bile pigment climination. We 
have assumed on the basis of much experimental evidence that the liver 
plas sa constructive role in the bile pigment output. We hope to show 
the same relationship on the part of the liver to the constructive mechan- 


Sp of blood regeneration. 


We wish to emphasize that a curve of blood pigment regeneration 
eannot be established without accurate determination of at least two 
factors,—hemoglobin and blood volume. With a knowledge of these 
two factors we can estimate the total volume of hemoglobin pigment 
in the body circulation—the “pigment volume.’ Also with the hemat- 
ocrit values we are able to compute the total volume of red cells in the 


body circulation. Reasonably accurate methods for the determina- 


tion of circulatory blood volume are of recent development. <A critical 
review of many factors in this blood volume work and comparison of 
various methods have been published from this laboratory very 
recently (4). The method used in this laboratory for accurate determi- 
nations of hemoglobin has been recently deseribed by F. 8S. Robscheit 


oi. 

Practically all these anemia blood regeneration experiments were 
performed upon dogs born and raised in our kennels—a bull dog cross 
which gives a very active, vigorous and healthy laboratory animal. 
Unless otherwise noted, the dogs were in fine normal condition during 
the entire experiment. These dogs will eat the food mixtures as a rule 


without any delay or wastage. They have been immunized against 


distemper and are kept in a separate room to obviate any cross infec- 
tions by transient animals. 


METHODS 


The blood volume method used in these experiments has been de- 
scribed in detail elsewhere (4). In some of the earlier experiments dry 
oxalate was used for blood collection instead of isotonic fluid oxalate 
and in these experiments the calculated blood volume is too high. A 
note will be made in all such experiments as a correction cannot be 
introduced because the amount of solid oxalate and the corresponding 
shrinkage of cells was an unknown variable. 


BLOOD REGENERAT FOLLOWIN( 


It may be stated in a word that the 


in the introduction of a measured amount of 


il 


into the blood stream. After a four minute p¢ 


) 


tllaan? 


dye in the plasma is colorimetrically determined. 


has been furnished us through the courtesy of Dr. H 


Department of Anatomy and we wish to acknowledgs 

valuable advice given us by Doctor Evans. The re¢ 

is read In an accurately calibrated centrifuge tube into which bl 
been drawn, using an isotonic sodium oxalate solution. It is 
simple matter to calculate the plasma volume, red cell volume and 
blood volume. This method can be quickly and accurately perio! 
It causes the dog a minimal degree of inconvenience, ; 
hypodermic needle puncture of a vein, and the loss of only 

whole blood. This is such a small amount of blood removed 

large circulating blood volume that we do not include it in our ¢al 
lations and feel that no secondary anemia factors are added to compli- 
cate the reaction curve following the initial bleeding. 

The hemoglobin determinations are made by means of a modification 
of Palmer’s method, recently described in detail by one of us (5). This 
insures an accurate measure of the hemoglobin, as relatively large 
amounts of packed red cells are used. In some of the earlier experi- 
ments the Sahli hemoglobin tubes were used and in some instances 
these tubes had faded, giving hemoglobin values which were too high. 
The base line of any experiment although too high will not disturb the 
fairly accurate curve of regeneration which is more important. A 
footnote will be appended to all experimentsin which the Sahli readings 
are given, 

Red and white cell counts are made in the routine manner. Identical 
counts have been repeatedly obtained by venous puncture and from a 
freely bleeding ear puncture. The former is now our routine procedure. 

The simple anemia is produced in the following manner: A simple 
blood volume is performed. The next day the dog is bled one-fourth 
the determined blood volume. This is easily done by inserting a needle 
into the jugular vein and aspirating the blood into a calibrated flask 
containing oxalate. The following day the same amount of blood is 
aspirated in exactly the same manner. During these two bleeding days 
and the next resting day the dogs are on a bread and milk diet. Fol- 
lowing the resting day aseecond blood volume is done to determine the 
actual amount of anemia produced. The calculated and actual figures do 
not correspond but too many factors enter this equation to permit 
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discussion at this time: for example, the reserve of blood cells thrown 
in from the marrow, to mention only one. At times a third bleeding is 
necessary if the reserve has been too great. <A third blood volume is 
then done. The dog is then placed upon a fixed diet and complete 
blood volume, hemoglobin and blood cell determinations are done once 
each week thereafter. Special care is taken to insure a sufficient food 
ingestion based on the number of calories and nitrogen intake. The 
weight curve is a good index of the general nutrition. 

The dogs are kept in individul cages which are comfortable and of 
suitable size to permit of much exercise. The cages are cleaned once 
daily by the attendant, but all feeding is done by the person in charge 
of the experiment. The mixed foods are usually eaten at once when 
placed each morning in the cage. Fluids are usually given by stomach 
tube. Water is furnished in the cage at all times except in metabolism 
experiments when it is usually given by stomach tube. It should be 
emphasized again that these dogs were raised in the laboratory and 
are therefore healthy, vigorous and very active at all times. The lab- 
oratory routine disturbs them not at all and the performance of the 
blood volume requires only a few minutes. They will eat all manner 
of food mixtures with relish and alacrity. Unless otherwise noted, 
these dogs are in their usual healthy, active condition throughout the 
entire experiment. ‘‘ Mixed diet’? in these experiments Indicates a 
mixture of food materials obtained from the University Hospital, con- 
sisting of bones, bread, cooked meat, potato, rice, macaroni and general 


table scraps. 


EXPERIMENTAL OBSERVATIONS 


The dogs used in most of the experiments tabulated below are young 
animals in the active growth period,—one year of age or less. Such 
animals are increasing in size, weight and strength and the demand for 
tissue building or growth factors is acute. It is therefore of interest to 
keep this fact in mind during our analysis of the subsequent experi- 
ments. It might be assumed that the reconstruction of red cells in a 
rapidly growing animal might be handicapped by the tissue demand 
for normal growth factors. On the other hand, it may be argued that 
the growth capacity of the younger organisms might be greater as re- 
gards the construction of tissue cells, including the red cells. When 
we review the experiments to be submitted in subsequent communica- 
tions it may be stated that the difference between the adult and the 


young dog is not great as regards the capacity of the animal to regener- 


» new red bloo 
6 and 12 months of 
variations which 
stutement 
general we may be 


voung and adult ¢ 


S30 


dogs who at times seem to show a slightly 
regeneration under similar circumstances. 
The first three experiments (tables 1, 2 and 3) were performed 


three young dogs of the same litter, all of the same weight, activity 


general appearance. It will be observed that there are individual dif 


le that 


ferences even under these favorable conditions. It is possib 


some of this variation may be explained by individual preferences of the 
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This statement es 
age ind takes int nsid 
With In diferent aog ls 
no hold pups less than © 
Pe in Stating th Is a 
Mee oes, there is a slight difference | 
) } ; 
S11) 1280) 580) GSS 53 7, 139109 7 4 12 
8/12) Diet: Bread and mill 
S 1?) Bled () ~ | lr 1 ) 
/] Ble No distre 
Diet \I ‘ let 
1 1 val ) > - { 4 
OH?) 1210) F728 4 79 0.69 57 
Q /4 1280) 1308S!) 724 02 3.7 Qs O S2) 6.0 14.) | 
1] 1538) 1420) 673 720 51.6 10S 64 4 
9/18} 1612!) 1355| 644 | 700 | 51.6) 119 | 0.68) 87 10.4142 Of 
9/25) 1726) 1444) OSL | 748 | 120 | 0.69) 8,7 12,6)15.5 
10/2 | 1490) 675 | 793 | 53.2) 123 | 0.72) 8,6 12,0 15.7 
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different dogs for various food factors. The Vv were all given an excess 
of mixed food from which of course they could pick out the bits of food 
which they preferred. During much of this diet experiment the ‘‘ mixed 
food”’ was poorer than usual in meat and bones. This explains the fact 
that the period of blood regeneration appears som¢ what longer than 
in some of the subsequent experiments. The explanation for this fact 
is found in paper IV of this series, which shows the remarkable efficiency 
of a meat diet in promoting blood regeneration. 


rABLE 1-3 


1435 


1O40 
sled ce il} 


End 4/30/19 1313 


Beg ns 
sled 640 ce 


End 10/219 


It is to be noted that all these three dogs increased markedly in body 
weight. It should be stated that this was a general growth with increase 
in size, length of limb and body, not merely a deposit of fat. One is not 
surprised to note a gradual increase in blood and plasma volume during 


the experiment. The total volume of red cells, hematocrit ré ading of 


red cells and hemoglobin follow curves which are parallel. The color 
index is almost constantly between 0.65 and 0.85 and there is not a very 
strong tendency in these experiments for the color index to drop much 
below normal in the first two weeks following the hemorrhage. We 
shall not atte mpt at this time to discuss the fluctuations in white blood 


cells which are tabulated. 


BLOOD 
NERATION 
EXPERIMENT DIET {ARKS 
Pigment | Blood per 
Begin 1/16/19 Rice, potato, S| 126 10.95 Born July 11, 1918 
Bled 590 e milk SO 10.25 
End 37/19 || 113 10.35 | Maximum regenera- 
tion 5 weeks 
I SZ 11.15 
107 11.15 | Complete regenera- 
tion 4 weeks 
ae Mixed diet 17S0 101 12.6 Table 1 
O14 76 13.0 
IS30 Q5 15.7 


blood s 
globin. The 


he moadtot 


Ce) 


1000) 


given as we 


regeneration. 


Table =. dog 


known abnormal fact 


ONIN an occasional 


BLOOD 1 

The “pigment volume” is a lent 

indicates the total volume of circu ting o! I 1 t 
ream at the time of esti 

on in all tables the ent volur 

Blood re ) } 

ent 

8/11) 1705) 1242) 572 | 658 | 53.0) 137 7S) S,S 

Diet Bre i and 

S12) Bled 310 « 

S13) Bled 310 ¢ No distre 

S15) Diet: Mixed diet 
soo} 1194! 812 | 370 | 31.0) 67 | 0.78! 4.3 | 6.0)13.4} 89 
4 1292) 843) 44 3) O75 66) 5.7 9 ) 
9 11) 1082) 1328) 836 {NG 7S 0.67] 5.8 140 
Q Y5) 1276) 1295) 760 4 Q5 OON 7.0 7.8% 114 45 
lO 2 1229S) 1276) 710. 554 «102 741 6.9 | 17.4114 
14 1463) S27 24 1? 1O4 73) 7.1 ) 
10 23) 1550) 1463) S25 620 4| 106 | 0.74) 7.2 ) 
MEE believe it gives the best general index of the curve of bloo 

MS is an experiment with a dog presenting some u 
Meee or. This dog at times shows an cosinophi et 

MEE parasite egg can be demonstrated in the fec 
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Treatment by oil of chenopodium and santonin has vielded no results. 
The dog is not as well nourished as the others of this litter and at times 
presents a sheht relative degree of anemia. This fact is to be consid- 
ered in a study of the abnormally slow blood regeneration in this dog. 
In spite of this the dog grained about eleve n pounds during the course 
of the experiment. 


Table 3 at the start of the experim nt shows the remarkably high 


1 


figure (152 per cent hemoglobin) which may be observed in normal dogs. 


Red blood counts of 7 to 9 millions are th rule 


Table 4 shows an experiment upon a young dog (6 months) in which 
one week’s diet of rice, potatoes and milk followed the bleeding—then 
the usual mixed diet. The dog did not eat the rice, potato and milk 
diet and lost much weight. Also she deve loped signs of mild distem- 
per, but this soon cleared up after being put on a liberal mixed diet. 
There was then a rapid gain in weight as well as in blood regeneration. 
The leucocytosis is probably to be explained by the mild infection with 


distemper. The total regeneration of red cells is complete in one 


month. 


} 
t iB 
Begin 1 1619 | 126} 10 65 | vy 11. 1018 
Ble O20 I ! OO 
kind 3/7/19 Soo 4 11.70 mum regene 
T 5 Vee 
Begin 3/17 (19 Bread, 300 1146 Q3 13.05 Fable 27 
Bled 6OS ec milk 542 7s 1? 40 
End 4.30.19 SOO e- 103] 13.20 \I 1 even 
Begin 8 11 19 \iixed diet 1705 115 11 00 2 
Bled 620 ( 74 
end 10 23 19 1550 25 
October 9 [E'wo doses of oil of chenopodium, 48 hours apart Few ova fou 
No worms expelled Last dose followed b intonin mixt ( No effect 
| 
| 


K 


HEMATOC 


(Hoty 


1245 


TABLI 
Blood egeneratio ed D ] B 
3 1 
, 
S 1] Diet Bre nd! 
8/12) Bled « 
8/13) Bled 342 e« No distre 
Diet ixe liet 
S 21 S43 1106, 72S 7610.9 17.8 114.2 ) 
/28} less! 747 | 414 | 35.5) 78 | 0.75) 5.2 | 10.2 |14.0 
9 /4 954, S14 23 '34.0| 0.71) 5,4 19.0 14.6 q 
9/11} 1313) 1338! 726 | 600 | 44.8! 98 0.65) 7.5 13.2 
9/18} 1325) 1243) 674 | 552 4.4) 107 | 0.74) 7,2 | 16,0 |14.66 . 
2 2 2 
1730) 1412! 678 720 51.0) 122 741 
10 1874] 1410] 618 | 779 | 55.2! 133 | 0.75! 8.8 | 16.4 115.45) 91 
1655! 1343 654 O76 1? O68 1414 ri 
4 D 
Pigment 
Begin 1/16/19 | Rice, potato, 1232 100 11.35 | Born July 11, 191s 
Bled 564 ce mil 560 75 11 00 
End 3/7/19 Of) 11. 20 | Complete egenera 
Begin 3/17/19 | Rice, potato, 1092 SS 12.80 Table 41 
Bled 566 ce milk re- 570 75 12.45 
End 4/30/19 peat 1237 Qs 11.95 | Complete regenera 
1 I 5 Veer 
Begin 8/11/19 | Mixed diet 20SS 104 13.20 Table 3 
Bled 6S4 ee TOO 74 13.65 
End 10/919 1655 SO 15.70 | Maximum regener 
tion 7 weel 
159 


inged to mixed diet* 


765, 554 


1013. 1OSO, 574 500 15.3; 4 0.65 
1243) 1248) 646) S5S4 17.0} 100 | 0.71 SO 105 


1288S) LIOS) 537 50.0) 116 0.73 ( 11.95 93 
* Developed mild ease of distemper Refuse 


rABLE 4-38 


mental 


Begin 1/16/19 tic potato, 1200 
Bled 512 cc for ol4 


2 /28 /19 week Mixed 12SS 


diet for 4 weeks 


Begin 317/19 


Bled 620 ce 


430/19 


Begin /11/19 
Bled OOS ce 
End 10/2/19 


rABLE 4 
1 16) 1200) 1025) 483 +40) Lad 0.58) 10.1 | 20.8 |10.15) 101 
1/16) Diet: Crackermeal and mill 
1/17) Bled 256 e 
1 IS) Bled 256 « No distres 
1 PO 574 106 16.0) 9.75 SO Nor 
1 20; Diet: Boiled rice, 200 grams: potatoes, 200 grams. m SOW) « 
1 /27 122; S826) 604 | 218 | 26.4) 51 | 0.48) 5,3 12,4) 8.60! Mild lis- 
1.27) Ch 
2/3 37 | 39.0; 84 0.67) 15,8 |10.1 91 Recovered 
from dis- 
temper 
2/12 
> 19 
peri Dog 19-9 
BLOOD 
REGEN RATION 
PERIMENT DIET Ww H MARKS 
Pigment | Blood per 
volume kilograr 
101 10.15 | Born July 14,1918 
SO 9 75 
rs 93 11.95 | Table 4 
Rice, potato, | 1520 92 13.50 | Table 44 
milk 527 72 12.40 
77s 95 9.90 | Maximum regen- 
eration eeKs 
Mixed diet 1750 QS 13.65 Fable 5 
650 72 13.35 
2012 OS 15.45 
160 
‘ 


experiment at the age 
is longer in this experi 


low meat conte 


Mt 
KILOGRA™” 


MI 


VOLUME} 


CENT TIMES 


Hb. Per 
VOI 
PLASMA VOLIUMI 
PER 


BLOOD VOLI 


PIGMENT 


Bled 


Bled 
650 
] jiet: 


SOL) 1155 

1054) 1340 

1255) 1340) 742 
1225, 639 
1280.) 634 630 
1517) 665 | S46 


of modera 


noted in tables 1, 2 and 3, which eXpe riments w 


time. Our experiments are usually carried 


Table 6 illustrates several points. 
vation for some time under a variety 
mental history—table 6-b). A period of sugar feedin 
regeneration (refer to table 16 in the following pay 


meat feeding had caused a considerable rise in the 


BLOOD I ENE] | LI 
Table 5 shows second experi! 
table 4. The first experiment was dor 
id on 
Blood reg ) 
r 
8/11} 1750) 1335! 658 | 670 | 50.2) 131 | 0.90) 7.3 | 14.6 13-4 ys 
8/11) Diet: Bread and 1 
8/12) 4 « 
8/13 No distress 
S/15 O84 GS4 975 1298.51 67 | 0.90 7191 6113.35 
8/15 Mixed diet 
8 /2] 993. On x0 1] 13.9 1) 
8/28 1.9 1? 4 14.0 
G4 25 4 79 | 0.721 5.5| 16.2 114.7 G 
9 11 4 64 18.2 114 65 
9/18 1459 110) 065 108 14.82 
9/25 9?) 118 059 10.0 96 14.90) 
10/2 133 | 0.68! 9.8] 14.0/15.45| 98 
out in croups of fou 
wre ] 
and wer ot 
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The increase in pigment volume brought this figure back to normal in 
The blood volume figures are based on dete r- 


} 


t weeks of mixed diet. 
This procedure, as has been pointed 


minations made with dry oxalate. 
out, causes a shrinkage of cells and a dilution of the dye which gives 


blood volume hngures abnormally high. Note that the blood volume 
figures per kilo are 100 to 136ec. This fact may account for some of the 


fluctuations in the estimated plasma volume. 


Table 7 is placed in this paper to give a comparison bet ween the mixed 
It will be noted that during 
This point 


diet experiments and fasting periods. 


this fasting period the blood regeneration is very slight. 


will be discussed at length in the next paper. 


DISCUSSION 


From a review of the tables it is at once obvious that the pigment 
volume and total red cell volume after hemorrhage are below the expected 


values. There are several obscure factors in this reaction which call 


; Dog 
1 $19 OO GOO Oo LOS 0.76) 7.1 7.4 111.60 120 
Sugar diet, January 19 to Feb 
3to March 10. Mixed diet, March 10 to May 7. (Refer to t 6 
lt ith 64 6 7.2 '10 40 119 ( xl con- 
23 973) 660 13 S4 0 64 6.5 10.6) 9.90 116 
1/13; 1910) 1645) 757 SSS D4 116 | 0.71; 8,2 | 22,0 |12.30| 134 
$20 1585) 1260 630 50 | 110 | 0.66 8.3 98 60 100 
5/7 | 1895! 1709! 769 | 910 | 55 | 111 | 0.66) 8.4 | 13.2 12.50! 136 | Good con- 
Blood ime with dry oxalate tlemogiobin t sal tubes. 
‘ 


3egin 9/11 17 


T94 ce 


End 10/1917 


Jegin 6/3/18 


Bled 949 ce 


2000) 


ean meat dj 2118 
Bled 1140 ce. itin - 
End 1 /22 /19 


BLOOD REGENERATION FOLLOWING SIMPLI NEM 
Begin 9 13/16 Bread | { 
Bled 450 « 4 
Begin 1/19/17 | Sugarand metab- 120 129 
Bled 750 « olisn S7 10 4 
End 2 /23 /17 541 117 SO 
Begin 5,7 Sugar + R.B.C., IS95 Lb | it 
Bled S54 metabolism 76 0 
6.18/17 1OS5 154 Put on bre and 
milk diet 
es | Sugar 2 weeks 1650 113 14.0 
Sugar 2 weeks + 751 s4 13.5 
diamimo-acid L040 106 10.0) Bee art 
ot geiatin et 
Desiccated kid- 1739 73 17.60 
Pe nev, bread and 792 62 1650 > bleeding 
End 6/28/18 milk 1300 74 16.10 
Beg nS sugar ind Hb 2417 17 00 Table SO 
Bled 1076 ec intraperitone- bb 15 00) > bole 
End 11 /13/18 ally 7 106 15.05 
105 15.70 
&2 15.05 bleeding 
QQ 14 65 
Begin 5/1/19 Fasting 2018 97 15.90 | Table 14 
Bled 980 e« 763 71 14.75 Hleeding 
End 5 /21 /19 LOOT St 11.50 | I 
Retr 
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for discussion. Let us take a type experiment with simple values. A 


dog with «a hemoglobin of 100 per cent, hematocrit of 50 per cent and 


blood volume of 600 ce will have a pigment volume of 600. (on two 


successive days the dog is bled one-fourth of the estimated blood vol- 
ume \llowing for replacement of plasma which is known to take 


place, we should expect after these bleedings a hemoglobin of 55 pel 


DATE 


= 
= “4 
- $ < = 

> = = z EMARK 
= 2 2 


BLOOD 
COLOR 


RK. 


R.B 


2100 


1500) 735 TH6 51 140 | 0.99 7.1 10.4 15.8 Q5 
1122 561 l 7 


1627 561 O35 


Diet gread and milk 


Bled 
Bled 


No distre 
No distre 


CC, 


Cf 


1005 1116 770 


346 


Fasting begun 


1165) 11538 


726 


29, 1086) 1075) 656 419 39 | 101 | 0.67) 7,5 621123 
1 4) 1213) 1054) 622 | 433 t] 115 | 0.65) 8.8 6.8! 11.6) 91 
$10, 1240 1000) 620 | 380 38 | 124 | 0.95) 6,7 6,2| 10.7) 93 | Excellent 


condition 


* Slight anisocytosis 
Blood volume with dry oxalate. Hemoglobin by Sahli tubes 


Experimental 
history, table 15—b. 


see below 


cent and total volume of red cells 165 ec. The plasma is constant under 
such conditions and will be as normal, 300 ce. volume. The blood 


volume therefore is 465 cc. and pigment volume 256 (465 & 0.55) which 
is 43 per cent of the pigment volume at the beginning of the experi- 
ment. If there is no reserve red cell influx we should expect a red cell 
volume of 55 per cent and a pigment volume of 43 per cent normal fol- 
lowing two bleedings of one-fourth the total blood volume. The tables 


7 
B 1. Dog 17-27. White bull n 
3/13) 
3/13 
3/13| 
3/14 Ss 
31 90 | 1.05) 4,3 | 12,4] 15.5} 72 
316 
3/22) 427 37 | 101 | 0.90) 5,6 6,8} 13.8} 76 
‘ 
ti 


‘alls for a broad discussion of the various 1 
termination and possible errors inherent in 
lo not wish to review all these points at 
connection with experiments de: 
hlood volume determination. 
Two possibilities are to be mentioned, hov 
First the blood volume values may be too high, « 


method, and the actual bleedings represent more than 
the total blood volume. Second, the possibility that the 
power to modify the ratio of cells to plasma in different part 
under normal or abnormal conditions. asy to men 
possibilities but very difficult to adduce experiments 
sive. For example in the abnormal condition of shoc] 
that there is a remarkable disturbance in the ratio of cell 
different parts of the body. 
It may not be wise to pursue this question further but best m¢ 
call the reader’s attention to the fact that there is a diseré pa 
tween the expected and actual values for red cell volume 
volume after unit hemorrhages. This point will be taken up again. 
The pigment volume figures, however, give a clear-cut index of the curve 


of blood regeneration. 


SUMMARY 


The term p ne nt volume used in these papers is equivale nt to blood 


1 


volume times per cent hemoglobin. This means the volume of avail- 
able red cell pigment circulating in the body at the time of blood volume 
determination. 

Given a uniform degree of anemia we may observe the curve « 
blood cell regeneration as influenced by a variety of diet factors 
mia is produced by bleeding the dog one-fourth of the determined blood 
volume on each of two successive days. 

Under these experimental conditions a diet of mixed table scraps 
will effect complete blood regeneration to normal in a pe riod of 4 to 
7 weeks. 

Under similar experimental conditions there will be 
regeneration during a fasting period -mainly a mainte 
equivalent to the normal daily wastage of red cells. 


G. H. WHIPPLE, C. W. HOOPER AND F. 8S. ROBSCHEIT 


BIBLIOGRAPHY 


IlooperR AND This Journal, 1918, xlv, 
HoopeR AND WuippLe: This Journal, 1916, x! 
WuipepLE AND Hooper: This Journal. 1917, xl 


Hooper, Smitu, Beir aNpD WuippLe: This Journal, 1920, li, 205. 


Rosscueir: Journ. Biol. Chem., 1920, xli, 209. 


166 
B73, S76 
25S 
‘ 


BLOOD REGENERATION FOLLOWING SIMPLE ANEMIA 


II. Fastinc COMPARED WITH SUGAR FEEDIN 
Analys of “Spar NY 


WHIPPLI W. HOOPI 


That there is a distinct difference between 
during fasting periods as compared with sugar 
from an analysis of the experiments given below 
difference in blood regeneration is not great but is distinctly i 
the fasting condition,—in other words, a dog " 


and hemoglobin during a fasting period than during 


j 


+ 


sugar feeding. In neither case is any nitrogenous material 
the body, so whatever hemoglobin and red cell stroma may be 
must be constructed in the body from body protein or 

products. The well known “ sparing action of carbohy 

considered in the analysis of these exp riments give n below. 
that these experiments can be explained most satisfactorily 
of a certain protection or sparing of body protein on the 


sugar, associated with a definite amount of conservation of 
products. 
Having established the curve of blood regeneration \ 


of a mixed diet subseque nt to the anemia pe riod, 
experiments to show the type reaction associated with fasting 
feeding. In making any analysis of results it is necessary to 


much reserve capacity the normal dog possesses—how much 
tion of red cells or hemoglobin can be effected during periods 


or sugar feeding. We must take into consideration too the 
and tear of the red cells which is not an accurately estab] 
We do not know the life history of the red cell in the normal or 


dog. We do know the duration of life of the red cel 


human being (1), but this life ey 
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California Medical School, San I 
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must 
( 
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may be different in disease. ‘I 
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dog’s red cells are extremely fragile and this may or may not indicate a 


shorter life evele for dog than the established 30-day period for normal 


human beings. Data on this point are very much to be desired but in 
their absence we must postulate an unknown factor of red cell or hemo- 
globin replacement which is present in all our tables. 

An\ clic t. therefore, which is capable of o1\ ing a rising curve of blood 
regeneration following simple anemia Is doing two things. The diet is 
responsible for a replacemi nt of the red cells (8 to 5 per cent per day 
which are worn out day by day, as well as the rise in general level of red 
cell volume above the anemia level. For the sake of analvis we may 
assume that the replacement value for human beings and dogs is the 
same—about 3 per cent per day or complete replacement of the total 
volume of red cells in approximately 30 days. Under most favorable 
conditions we mav see the volume of red cells regenerate from an ane- 
mia level of one-third or one-half normal back to 100 per cent within 4 
or 5 weeks. To supply a deficit of 50 to 65 per cent of its red cell volume 
the body requires 30 days or more over and above its maintenance of 
red cell wastage. This wastage (wear and tear of red cells) in human 
beings may be 100 per cent in 30 days. This indicates the importance 
of this replacement factor and further emphasizes the fact that our 
curves show the reaction of the body tn excess of this wastage or replace- 
ment value. 

When we note a falling curve of hemoglobin and red cells after a long 
diet period we need not hastilw postulate hemolvsis or blood destruction 
from some hypoth tical toxin. It mav be safer to consider the possi- 
bility that the body can form no more hemoglobin or red cells to repair 
the daily wastage. I’ven the replacement fraction is not being supplied 
and the curve subsides gradually depending upon the life cycle of the 


red cells remaining. 
EXPERIMENTAL OBSERVATIONS 


The experimental procedures have been deseribed in detail in the 
preceding communication. The majority of these dogs have been un- 
der observation in the laboratory since birth and we have studied their 
reaction to simple anemia following hemorrhage as influenced by a 
variety of diets. Some of these observations precede and others follow 
these tabulated fasting or sugar feeding experiments. The experimental 
histories elven with each animal give a rev lew of the many experiments 


done on the same dog. The value of comparison under these conditions 


were all ve ry fa 
ments and were 
disturbance of 


During the metabolism experiments the 
meé tabolism cages constructe d with sh 
insure rapid and complete drainage of 


ized every 24 hours 


and cage urine were made up to a uniform volume \ 


\ fer 


men was preserved and duplicate Kjeldahl analyses made. 


centimeters of acetic acid in the cage collection bottle insured an acid 
With care a male or female dog may be catheter- 


After the catheterization the 


reaction in the urine. 
ized daily without causing any cystitis. 
water or sugar solution was given by stomach tube. 

Fasting experiments. The two preceding experiments (table 


/ 
9) are to be compared as the experiments were done at the sar 


BLOOD REGENERATION FOLLOWIN IMPI / 
oreater tl in obtains Series Of ~ ? 
t and well nonrict at 4 + 
and weil nourisned a gy g ] 
able to tolerate the fasting r sugar 1Od t it 
1+} 
eaith or activity 
and the catheterized sp 101 Ider gs 
3 26 Diet: Bread and | 
Bled 212 « 
3 /29 Bled 212 
| ting begur 
19 103 651 175 176 27 62 | 074 1” 6.4 
$4 769 500 59 35 0) 64 1) 4,2 
1118 532 729 174 955 +5 73 tH) 
1 32 540 779 50? % 70 | 0.6 5.3 7 90 ) 
Blood eC | Hemog 
ind 
ne time. 


Dog given 


Pigment | Blood per 


ime kilogran 


10.5 


S.] Maximur 


regenera- 
tion 2 weeks, then 


diet 3 
Mixed 


segin 3/26/17 Fasting metab- 


Bled 424 ce olism 
End 4 /23 /17 1, milk, Blaud’s 


ll weeks 


regenera- 


Splenectomy 10 


PTABLE 
TOTAL WN ROGEN RINE OTAIL 
Mareh 31 2. 650 21.5 0 feces 
\pril l 2.30 105 21.1 Trace of feces 
2 .58 133 20.8 O feces 
3.19 345 20 6 O feees 
2.97 395 20.3 feces 
& 3.56 HIS 19.9 Slight diarrhea 
6 2.83 1) 19 6 O feces 
2 &S 19.3 O feces 
S 2.49 127 19.0 0 feces 
2 .8O 385 INS 0 feces 
10 2.91 173 Is 3 0 feces 
1] 2.69 359 IS 3 0 feces 
12 2.91 123 17.9 lrace of feces 
13 2 60 17.6 0 feces 
14 2 60 $29 17.5 0 feces 
Ld 2.85 $1] 17.3 O feces 
It 2 S86 114 17.1 0 feces 
17 60 16.8 0 feces 
IS 158 16.5 0 feces 
19 3.19 396 16.3 O feces 
20 3.02 12] 16.1 lrace of feces 
21 3.42 116 0 
3.56 5.7 0 feces 
| 3 17 1 0 feces 
HE 6000) of water da lv by stomach tubs 
rABLE 
Experimenal history—d 19 17~37 plenect 
LOOD 
REGENERATION 
EXPERIMEN ET VRIGH REM Ks 
Begin 12/15/16 | Sugar + gela- 630 66 | | 
Bled 350 ee tin 10.2 
lean meat 
weeks 
+ 
aie 
pls, 
Sight 
ion 
23 16 
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» do are of the 


( 


rs 
make out no 


is compared with thi 
During the fasting period there 1s a st 
hematocrit, red cell count, total red cell volum 


The rise is most pronounced during the first week 


volume remains constant or decré 


Blood volume wi 


Experimental hist table 


fact accounts for the increase in blood per kilo, due t 
weight. 

The nitrogen figures for total urine are of interest. The daily outp: 
is fairly constant until we reach the last 4 davs of the ¢ xperiment whi h 
show a distinct increase above normal It is possible that this increase 
represents the body prot in disintegration which may be observed after 
a long period of fasting, giving rise to the premortal rise in 


Both these dogs recovered the lost weight promptly when placed 
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| ~ litt T | | ‘ ~ ‘ 
hie tne Ltte! It on i 

Cal in the reaction Of tne spier ton 
that the plasm: decreases slight 
LA 
4 = 
Diet: Bread and n 
28 Bled 272 
OQ Bled 272 
30 43) 738 | 531] 207| 28 60 | 0.73 | 4,1. [12,2 | 9.3 
+/2 S19 246 65 | 0.74 1.4 10.6 6 
19] 792 14] IND 68 | 0 65 G6 
16 331 13 7H 0 62 Hs 
1/20 750 30 14 78 | 0.5! 7.6 11.4 6.3 
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a bread and milk dict. There is ho evidence for an Increase in body 


protein katabolism to supply the essentials for hemoglobin const 
The same remarks apply to the following experiment (table 10). 
shows a considerable increase in 


ruc- 


tion. 
The above experiment (table 10 
d cells from 5.200.000 to 7.000.000 with an unchangs d red cel] hemato- 


crit. Poikilocytosis is marked during this period and there is evidence 


rABLI 


for a certain amount of fragmentation of the red cells in this and other 
In some instances there is evidence for 


experiments of similar nature. 
a faulty construction of red cells during periods of stress when red cell 
regeneration is being accomplished with difficulty on a limited diet. 
It will be possible with the accumulation of much data to ascertain 
which diets favor stroma construction and which diet factors accelerate 


hemoglobin construction. It is evident at present that these two fae- 


Toto Dog 
March 31 3.42 720 19 4 0 fece 
April l 2.16 112 1 0 fees 
2 2.18 171 Prace of fee Vomited 
3 256 IN.6 Moderate fee 
2.44 IS. 1 O feces 
D 2.94 130 17.9 0 feces 
7 5.20 12S .3 Slight diarrhe 
122 17.1 0 feces 
9 2 66 132 16.7 0 feces 
10 2.94 103 16.3 \rrace of feces 
1] 2.46 113 16.2 feces 
IZ 2 134 15.9 Slight diarrl] 
13 0 feces 
14 145 15.5 0 feces 
15 3.05 146 15.1 0 fees 
16 3.58 11S 14.9 0 fee 
17 3.42 10S 14 7 0 feces 
IS 3.25 141 14.4 0) feces 
19 14 14.1 0 fece 
21 1.17 O17 14.3 Slight diarrhea 
Dog given 400 iter d by stoma 
‘ 


tors do not alwavs run parall 


as In disease. 


2OO grat 


Par. 


550) 360 IN4 


Poikiloevtosis 


Experimental h 


This second group of experiments (tables 11, 12 and 13 
several factors in common. 


presents 
During the fasting period the blood regen- 
eration was notable in two experiments during the first weel 


K following 
the bleeding. In fact this level was scarcely increased during the sub- 
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j 

= 
5/3 Diet: Bread and 1 
| 15.2 | 
5/20 | 1516) 1125) 525 | 591 117 O70 S3 14.2 10 R.B.C frag 
5 /21 | Bled « 
5 Ble 2S] er 
5 /24 182) 752) 492 | 250 | 33.2] & | 0.55) 538 14.8 10 2 74 
5/25 | Fasting begun 
5/31 585! 688! 455 | 226 | 32.8 85 | 0.82) 5.2 6.0; 9.1 | 
605 591 672) 43/7 | 225 | 33.5 RS 0 72 6.1 4H | 
6/12 O56 707) 457 364 3 O 64 7.0 7 
612 | Diet: Mims bread and 300 « hy Metabolism ¢ nue 
6 IS 5,0 5,418.15) 97 | 
6 26 S2 6,0 90> 8.200 67 
6 26 Diet: Changed to mixed diet 

story, see table 18-b 
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sequent fasting period. This rapid increase during the first week ay 
ay explained by some reserve factor which is called in during the emer- 


PenCy\ period. The following weeks show little increase in pigment 


volume because the body can only supply the material needed to re- 
place the daily wear and tear on the red cells. The third experiment 


table 12) shows a more gradual rise in the pigment volume, hematocrit 
and hemoglobin during the entire fasting period. 


some wat 
About SO vomited: O 
feces 
No vomiting 
active 


No vomiting 


30 2 .O2 155 20.3 O feces 
2 10 ISS 0 feces 
June 1 2.02 199 19.8 0 feces 


0 Teces DOO ce 


0 teces 


} 2.16 feces 
5 2.41 ISO Solid feces 
6 2.133 207 Little feces 


O feces 


teces 


1? 30 100 16 6 Feces I 


excellent condition 


Dog given 200 cc. water daily by stomach tube 


All three experiments show a rapidly developing “ dietary deficiency 
disease’ which develops after a period of bread and milk feeding sub- 
: sequent to the fasting period. This dietary deficiency condition is 
characterized by ulcerated mucous membranes and much gastro-intes- 
tinal disturbance. We are inclined to the opinion that this condition 


is analogous to scurvy in human beings. 


In the near future we hope 


rABLI 
nitroger rf D 7 If 
Mav 26 1.76 
| 1 120 21.4 
28 1.85 145 
29 2.07 113 20.6 feces 
3 2.44 167 19.1 condition 
7 2.02 221 17.9 
S 1.79 19] 17 .6 0 feces 
9 1 ING 17 .4 0 feces 
10 2 .U2 INI 0 feces 
11 17S 17.0 
rine. Dog in 
13 16 4 Soft feces 
‘ 


BLOOD REGENERATION FOLLOW 


to report a seri 


the factors concerned 


is well as its cure ar 


Ess Of experiments bearing upon this point, ! ng I 
ie) the development of thi 
| prevention in the dog. 
yenerat Dog B 
1540] 1115) 552 | 547 9.0) 138 | 0.97) 7,1 16,0 15.44 
S 2S, Diet Crackermea ind k 
S 28) Bled 279 cx 
8 29 Bled 279 ce 
S31 S10 O85 650) 14 95 
S31) Bled 241 ce 
590) 955] 708 | 242 | 25.3) 62 | 0.94] 3,3 | 26,0 114.35) 65 P 
9 3. Fasting begun 
10 1076) 692) 33.3 R88 | 0.72) 6.1 8.0 13.15 
Q 16 S852) S82) 552) 321 36 4 97 | O88 5.5 11.4 112.15 73 
9 /2 745| 774) 484 | 275 | 35.5! 96 | 0.69! 7.0 7210 90 7] 
30: JOO! 485 | 295 | 37.7 R9 | 0.57) 7.8 13.2 10 30 76 
9/31 Diet: 250 grams crackermeal, 300 ce. mill 
1 11 Had RSQ) 311 35.0 7a 30 79 
10 1S 544 274 S4 0 74 5.7 10 7H 
10 IS) Diet: Mixed diet 
10 22 Death from dietary deficienes disease 
* Poikiloevtosis of red ec 
No previou ime! experiment mt log 
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300 ec. fresh milk 


Beginn ng saliv: 


> or mou 


176 
PABLI 
_ adult 
5/1 2500 18300 69S 1115; 60.9) 1389 | 0.75) 9,3 | 12,6 113.95) 131 
[ic Bread and 1 
9/2 Bled 45S 
93 Bled 45S « No distres 
5/5 | | 301) 30.11 62 | 0.86) 3.6/ 14.0112.60| 79 
56 isting begun 
5/14 SOO O19 37S 8510.76 S011 30 Ov * Poil 
5/21, S99 59S 38.7] 93 | 5.4! 6,.0/10.45) 93 | * Poi 
5/28} 1103) 1077) S88 44.4; 102 | 0.69) 7/4 6.4. 9.55 10S 
} 5 28) Die 200) grams bread, 300 grams rice. 500 ce. 1 k 
4 1166 654 43.1 100 0 62 6.6 110.45) 115 * Poik 
65 Diet 4) grams compressed veast, lOO grams bread, 500 ce. mill 
6 11 LOS4 609 144 42 8 0 56 x 7.4 110.35 105 * Po 
6 1232) 1109) 572 926) 47.4) 111 0.57) OS 6.0 10 30. 107 * Poik.t 
6 25) 1167) L094, 547 49.1) 107 | 0.54) 10,5 | 10,4 110.25) 107 
1148) 1125 594 516 45.9 102 0.65 7.8. 11.6 :10.00 1127 
7/1 Di Changed to mixed diet food Reeover\ davs 
Po evtosis of red cells 
June 16: Mueous colitis No yeast given: m lk boiled 
June 17: No mucus; 10 grams veast given; milk boiled 
June 1S: No mucus; 20 grams yeast given; iii 
Beginning ulceration of mucous membrana ion. 
‘ 
| 
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kidney 
n. = Right kidney shr 


Marrow of femur almost all 


Many pus cells and sm: 


Bacteria abundant. 


MiP EMIA lid 
j 

Dog 17-28 Wi te } Pas Sans ‘ ‘ 

Vay 19. | nd dead and cold ted 
hypertrophied. Lungs and pleurae negat Slight . 
right lower lobe Spleen soft 1 flabl nor 
lar. Peritoneal cavity is norma No pig t 

tro-intestinal tr ¢ not ened. but ner 
} D 

Begin 4 24 1S ( ed 
Bled 279 bread na 135 ( 
15 2O 1S I “1 NI { 

\I ‘ 

Begin 8 14.18 Powdered lin LOG 2.20 
Bled S16 e« ‘ racker 11 75 y 
End 9/2718 rrie and 2190 112 
Begin 11/14/18 | Cooked liver | 1640 105 13.50 Table 61 
Bled 976 « nis 502 \] 1? 50 } ling 
End 12.11.18 1902 111 13 66 t regenera 
Begin 5.119 lasting 2550 131 13.95 | 7 e 12 
Bled 916 ce 620 79 1? 60 
End 5/28 19 1103 10S 9 55 
2 cm. in diameter Bladder contains a little syrupy pus-like urine ght evstit 
Lh Tew cyst on surtace large tone fill 4 it) 
Marrow of rib is nor Panere 
and warty looking—chronie change involves all of lower an nd head t 
distal fourth of upper arm. No evidence of acute proces Ovaries negat 
Uterus shi Ws sites oO! placental ittachment Urine obt ned I aaer t 
post-morten Small amount, mostly pus. N sugar I hy e cast 


17S 
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The experiment given in table 14 is complicated by nephritis, pye- 


litis and bilateral renal ealeull. The blood regeneration during the 


two weeks preceding death was normal in every way. If anything, the 


rABLE 13 


I 
HEMATO 


PLASMA VOI 


1930) S52 1050) 54.4, 133 | 0 118.75! 103 


Bread and milk 


1357 
1025, 1205 742 134; 36.0) 85 | 0.75) 5, 9,4 114.85 Sl * Poil 


1233 


300 grams rice, 200 grams brea 


1109 1265) 162) 36.5) 8S | 0.62) 7.1 9.8 114.75) 86! * Poik 


Diet: 1 gram veast vitamine,t 100 gram 


bread, 


1065 


761 158) 37.2! 86 | 0.70) 6.1 $2114.65 * Poik 
6 1S 1368S) 1323) 730 43.8) 103 | 0.54) 9.6 | 10.2 (14.60) 91 * Poik 


7SO 


594, 43.0) 93 | 0.51) 9.2 5.6 114.05, 98 * Poik 


Diet 
Death 


Changed to mixed diet. Developed dietary deficiency 


Poikiloevtosis of red cells 


j Vitamine prepared according to Seidell’s method (2 


blood pigment production was above the average. This is of some 
interest because of the frequent occurrence of anemia in human beings 
associated with advanced chronic nephritis. This dog’s death was 


B { regenera fing ollowed by ce and bread and yeast { ne Dog 
18 f White bull. female, adult 
ent t 

01) 

5/1 | Det: 

Bled 488 

5/3 Bled 483 e« No distress 

1245) SS4 28.5) 62 | 0.79] 3,9 | 12,8 17.45) 71 

a6 Fasting beg in 

/28 1176 720 519; 40.7) 95 | 0.73) 6,5 7.6 (13.85) 89 * Poik.+4 

528) Diet | 

1 

605 ce. milk 

6 30 

‘ 


BLOOD REGED 


certainly due to renal injury and insufficienc) 
that of a primary essential chroni nephritis 
the development of a subacute renal disease d 
of the organs of the body which are responsibl 
regeneration. 

Sugar feeding pe nts. The first 
and give strong evidence to show that 


of red cells and hemoglobin during as 


Begin 4 24/18 
Bled 540 ce 


End 5/29/18 


Begin 8/14/18 | Thyroid, 
Bled 944 e crackermeal 
End 10 24 18 and milk 


Begin 12 2/18 
Bled 1160 ee 
12/30/18 


5/1/19 


Bled 966 ce 


5-28-19 


tion is constantly in favor of the fasting period during which 

dog can make a definite gain in red cells and hemoglobin, in 

the maintenance requirements. In the first two experiments (t 

15 and 16) we have control observations in the same dogs during fas 
ing periods (tables 7 and 14). The regeneration is distinct] 


during fasting. In all three experiments the gain in pigment vol 


is present in the first week and we may wish to assume some emergence) 
reserve to account for this reaction. The following weeks show 


RATION FOLLOWIN IMPLE NEM 79 
a I i T i 
experiments r 
TABLE 1 
XPERIM I 
Meat extract Q 75 lal 
PS milk S65 S9 10.85 | Mixed diet 2 
( my 
1S42 14.20 
1055 Gs 14 25 4 et ng 
1640 114 11 SO ( et eg 
n7 
Beef heart 2120 115 14.90 lable 52 
nd liver 95 ble | 
270) 1) 
Fasting 2520 103 | 18.75 | Table 12 
778 71 17.45 
1176 S9 13.85 
re 
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or no subsequent gain and may even show a falling off which indicates 
that the body cannot fabricate sufficient hemoglobin and red cells for 
its daily needs. 

Splenectomy table 17) done some time before this experiment does 
not appear to modify the reaction of the red cells and hemoglobin under 
the conditions of these experiments. 


rABLE 14 


i300 ee 
1LO40 


POO ce 


The three metabolism tables (tables 15-a, 16-a and 17-a) in general 
show the characteristic reaction in urinary nitrogen. In every instance 
at the beginning when the anemia reaction is most intense we note the 


expected drop in urinary nitrogen when sugar is administered. The 


“sparing action of carbohydrate” is not disturbed by the presence of 
this degree of secondary anemia. The first and second experiments 


B ng—nephrit and renal cal D 

5/1 1550) 706 829 | 53.5] 130 | 0.76) 8,6 7.0 |15.9 
5 [2 Diet: Bread and mill 
5/2 Bled 390 
5/3 B No distress 
349 | 33.5 1.14) 3,2 9,4 114.75 
56 No» distres 
O51 956 OAS 66) 0.94) 3,5 8,2 114.25) 67 
5/8 Fasting begun 

14} 993) 1041] 643 | 415 | 39.9! 87 | 0.791 5.5 17.8 | 13.0] 80 
» DI LOOT QRS) 5435 130 102 0.74 6.9 11.5 St) 
5/22 | I nd dead Autopsy given belo 

Dog is sick, weak and thirsty; distended abdomen 

mental } rv. see table 6-b 

‘ 
| 
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show a distinct rise in urinary nitrogen associate 
periods. These dogs showed considerable ¢ 
bleeding period and it is highly probable that more t} 
the total blood volume was r moved on these two davs 
figure, 130 ce. per kgm., for blood volume as 


oxalate method - We are inclined to attribute this 


nitrogen to the shock of the bleeding To the tissue 


raRry 
i 
= 
14 150 ON 0.71) 7.6 0 
B 
1 ¥ 
1/221 8B 
1 (24 S950) 627 o| 6310.7 
1 /24 ) 
HOS " 67 O56 6.0 6.0 
7 596 | 432 | 42.0) 7 1) 
osis of red cells 
( ( ne ‘ tal 7 


the hemorrhage, and this observation is in harmony with those of Bus 
3) working with pigs. Our third experiment (table 17-a) shows lit th 
or no increase in urinary nitrogen, no clinical reaction and a low esti- 
mated blood volume (80 ec. per kgm. 

After the first exhibition of sugar we note a uniform low level of urin- 
ary nitrogen excretion. This low level is constant until the end of 
the experiments except in the first (table 15-a). Here we note a rise 
in urinary nitrogen during the last five days. It is fair to say that this 
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rABLE 15-a 


Total urinary nitroger igar. Dog 17-27 
I AL NITR(¢ RINI 
4 EN 24 HOURS HO i fARKS 
RINE 
r u 
January 17 3.25 167 25.9 ® Fasting 
IS 2 5S 0 
19 2? 58 16] 
20 2 422 Ble 
21 SI] 24.1 0 feces 
22 109 330 24.0 Bled 3875 ec Verv weak 
January 25 (Anemia period begun— Diet: 50 grams sugar, 25 grams glucose 
23 30 93 8 0 feces 
24 3.39 23.1 Diarrhea 
25 1.99 22.8 0 feces 
1.74 367 0 feces 
27 2.02 390 22 .3 Slight diarrhea 
ON 69 130 0 feces 
29 2.38 135 21.9 0 feces 
30 2 63 $04 21.9 0 feces 
31 1.74 101 0 feces 
February 1 1.62 117 21.6 0 feces 
2 1.46 101 ZA .2 fece 
3 1.62 159 20.9 0 feces 
1.96 Os Feces 
1.76 20.6 0 feces 
OF 100) 20.5 | O feces 
7 lost 20.4 | 0 feces 
1.60 520 0 feces 
9 1.90 75 19.8 Diarrhea 
10 2 35 19.3 Diarrhea 
1] 3.86 720 IS.4 0 feces. Vomitus +. Dog 
IS SICK 
12 1.76 SHS Vomitus +. tefuses sugar 
solution 
3 1 76 361 feces 
14 3.67 0 feces 
5O5 17.8 Diarrhea +. Milk diet 


Dog given 400 ce. water daily bv stomach tube 
dog was sick, vomited the sugar solution and had diarrhea. This 


period is properly considered as an interval of intoxication in which 
little sugar was retained and perhaps this amount favored the intestinal 


irritation which was conspicuous. 


| 


BLOOD REGENERATION FOLLOWING SIMPLE NEM |* 


R.B.¢ 

Begin 1/19/17 | Sugar, metab- 1628 130 11.6 | 

Bled 350 ee olism me Q] 10.5 

End 2/16/17 646 119 Bre 5 

Begin 10/17/17 | Sugar, metab- 150 123 13.4 

olism 
Bled 826 e« sugar i- 71S 13 .2 
End 11/24/17 tir - 915 10S 10.1 Sug 
en | 

butte 
Dieta 
lisease 

Begin 3/13/18 I ting 1626 72 15.7 lal 

sled 750 ec 1004 72 15.5 

4/10/18 1240 93 10.7 

Begin 6 3°18 Cooked } 19039 87 

Bled 1022 n I | 7 70 15.7 g 

if, 2S na 145 15.70 

Begin 8/9/18 Ile 1914 1615 

Bled OSS r S17 O7 15.4 } 

ky 3018 ~ 1155 ] a 

Tables 18 and 18-b deserve special mention as they show the results 
of several experiments done under controlled conditions on the s 
dog. The experimental history refers to table 10, which shows 


blood regeneration on this dog during a fasting period Chet is- 


‘ 
Begin 9/13 /16 Lean meat 
Bled 450 e« 
10 /24 /16 
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tinct increase In pigment volume, hematocrit and hemoglobin during the 


fasting pero | We see in table 1S the same dog under identical condi- 
tions on a sugar diet. During the same interval we note practically the 
same value for pigment volume, hematocrit and hemoglobin at the be- 
ginning and end of the sugar feeding. There is a trifling rise during the 
first week but this is subsequently lost with return to the initial level. 
One of the tables to follow (table 21) shows the same dog on a sugar and 
rABLE 16 

tahol mi 


MILLION 


1500, BOO GOO) 7 60) 129 


OO grams cane s 


1121) 6S4 137 | 39.0 
1027) 637 | 390 | 38.0 


10 0 


gliadin diet which holds the pigment volume curve about on a level— 
no gain nor loss. 

Table 19 1 atisfactorv from the standpoint of the blood volume 
and pigment volume figures but in view of the other experiments we 


venture to include it because this dog illustrates a reaction which is not 


uncommon in dogs bled for the first time. In dogs used for the first 


time in anemia experiments we often note a remarkable regeneration of 


~ 
119 1020 lasting 
1 ?0 Bled 375 ee 
1/22) Bled 270 
1 (23 Bled 105 
124 Diet igar, 25 grams glucose, 400 ce. water 
0.62) 5,2 4.2) 9.40) 120 * Anis 
Ziv 62 | 0.65) 6.2); 8.90) 115 
2 16 66) 0.59 5.6 (10,0) 118) Diarrhea 4 
2 /2 933; 562 | SH | 0.56) 5,2 90 S00 117 
\nisoevtosis of red cells 
Blood volume with drv oxalate Hemoglobin by Sahli tubes 
boxy mental historv, see table 6-1 


BLOOD REGENERA 


rABLE 16-a 
) 
January 17 25 9 
19 2 46 1 25 I) 
2.49 1033 23 6 Bl 12 
January 24 period begur Diet: 50 grat y grams ¢ 
24 2.46 22.8 
1.99 13.2 () fe 
27 2 | f 
2 ? 69 $4) 74.4 0 feces 
20 2 O07 1465 91 
31 1.71 398 9 
February 1 1 62 2g 
2 1.79 | e fece 
) 1.60 152 HA) 4 0 fee 
1.74 107 2 
16S 395 0 fece 
1.23 0 fees 
7 19.9 0 fees 
1.74 $25 7 Fees 
1.48 19.6 
10) 1.51 115 19 4 fe 
11 1.45 19.3 fe 
12 1.40 387 19.2 0 feces 
l 1 4S 19] 0 feces 
14 1.5] fe 
15 1.40 391 ISS 0 feces 
Ith 1.26 390 18.6 Diarrhe 
1.51 378 0 fe 
1S 390 IS 3 0) feces 
19 1 23 1S.1 0 fece 
1.40 1S. 1 0 fece 
1.45 109 17.9 0 fee 
1 20 17.8 0 fece 
Be, 346 17.6 () f 
1 .32 374 
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red cells and hemoglobin on unfavorable diets. This was not under- 
stood at first but it may be stated as a fact to be explained or not. It 
is possible that this type of dog has a greater reserve stored in its body 
from which it can construct red cells and hemoglobin on ce mand but a 
dog which has been bled at various times has not this large reserve. 
At any rate, this dog was able to give a remarkable exhibition of regen- 
eration of red cells and hemoglobin during a short period of sugar feed- 
Ing. The red cell hematocrit rose from 26 per cent to 17 per cent and 


rABLI 


Q 103 0 69 


Bled 
Bled 


30 
rams cane sugar, 


676 103 | 3l 
607 


he moglobin from 62 to 121 per cent. This re generation was almost 


compl ted during | weeks on a diet which is least favorable to blood 
regeneration. 
Tables 20, 20-a and 20-b present data on sugar feeding which support 


the other experiments given above. This dog Wiis rved a 


fasting period (table 9) as well as during this sugar period and subse- 


quently during other diet periods of hemoglobin regeneration. This 


experiment shows only a 2-week period of pure sugar feeding during 


17 
B eqene ] plene Dog 17 / 
1 
1/19 | SS6 | SSS 159 | 424 | 14,8; 10.9) Si Fasting 
1 /20 221 
1 ‘24 353 | 0.80) 3,3 | 11,4] 10.1 
1 24 | Diet: 50¢ 25 grams glucose, 400 cc. wate 
29 528 | 979 54/1 0.60! 4.5 6.4 9.3) 105 
2/9 SOS PO} 60 | 0.62) 4.8 6,2 SS 101 * Ar 
16 107 SSS 32.0 0.57) 4.9 107 
SOS 4 350 64 0 60 5.3 6.4 113 
* Anisoevt of red cells 
Blood volun h dri xalate Hemoglobin | Sahli tubes 


BLOOD REGENERATION 


TABLE 17-a 
7 ] ) 
1S 3.30 14 4 4 1) 
21 2.58 326 
January 23 Anes eriod beg Diet: 50 ¢ yar, 
2 66 526 | 
24 2 75.9 
20 1.09 371 .A e 
21S fe 
27 2.46 91 6 Slig 
28 2 69 13] 212 Qf 
30 2.77 07 210 
31 16S 20.8 fece 
February 1 1 54 WH) Qf 
2 1 46 4 
3 1 74 SI] LU O 
1.63 126 20.0 fece 
5 54 4 fece 
6 1.5] 1) fer 
7 6 he 
120 19 6 0) fe 
1] 3N0) INS 
12 1.34 361 IN 9 0) 
14 1.40 10] IN 4 | 
15 1.40 OS] IN 4 fees 
16 1.40 3 
IS 1.46 376 I7 | 
20 1.48 307 | 
21 1.34 111 
4 1.48 9 i7 
1 .62 131 
1 74 1) B ! t 
Dog given 400 cc, wate 


red 


bre 


rABLE 17 
Experimental history. Dog 17-34. 
LOOD FE ENERATION 
Pigment |B 1 pe 
Begin 12.15 16 Meat 109 N | 1 
Bled 390 ( Lol lat 
End 1 11017 972 SO 11.3 plete egen 
tion f H 
R. Bb. ¢ 
Begin 1 20 17 suga 910 SI 10.9 Fable 17 
Bled 442 Metabolis: 113 77 
End 2 23 17 556 113 7 Bread and milk diet 
5 months 
Begin 6 3.18 1331 63 6 
Bled S07 liver, mmead 62 15.7 bleedings 
End 6 28 18 ind milk 70 15.3 
Splenectomy 16 
rABLE 18 
Blox re veneration feeding Dog 6-160. Bull) mor emale. rye ) 
fear 
/28 1103) 456 | 654 5S .2 166 1.1 7.6 94 10.15 109 * Slight 
8/28 | Diet: C kermeal and milk 
§ /28 Bled 275 ec 
8/29 | Bled 276 e 
33] OES “il V4 4B; Q 55 
91 Bled 193 ce 
3 on 696 513 177 25 64 15.4 73 P 
9/5 Diet 75 grams sugar, 25 grams dextrose by sto ( t ¢ 
+10 692) 577 211 71 0.96 3.7 Q 4 Pork. 
Q 16 ISS 4038, SOO 0.78) 4.4 7S Poik. j 
Q $24 474 IS2 4 ot 0.61 5.2 9.6) 7.35 Poik 
on Tos ol ed 
INS 


Begin 9/26/16 Mixed 
> ] ii 
440 
End 11/29/16 7 
Begin 2/1217 bre ! | 1.4 | 
Bled 488 Blaud {23 7.40 
End 7/16/17 1565 7 5.90 | M 
Begin 10.17 14 Sug nd - 8.9 
Bled 542 ce ii! | 
End 123.17 éa 10%} 6 30 ( 
A 
> 
\iixed 
Begin 5 2001S Fasting 10} \I 
Bled 562 e 74 20 i 10) 
End 6/12/18 O50 4 13 | 
Begin 28 19 Sugar 3 weeks IS35 109 Ww 1. | Is 
End ntravenous!\ Q5 7 SO ‘ t 
] 
l 
| ‘ 
Begin 2 20.19 Suga nd t BY 
Bled 7S1 ¢ Lie {s 1) 
3.18/19 Dried t ‘74 R 7 
Beef liver, bread 
and 1 
Begin 8 Beet tops, bread | 1220 10 SO 
End 12/4/19 Spinach, bread 
and 1 
Compressed 
veast, spin 
ach, bread and 
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which time is recorded a moderate increase in red ceils and pigment 
tume. This increase is somewhat above the average reaction under 
similar conditions and if sugar feeding had been continued for 2 more 
weeks a drop in hemoglobin, pigment volume and red cell hematocrit 
was to be expected. 
Histidine (1.5 gram per day) added to this diet actually prevented 
I] 


the expected fall and is responsible fora def nite gain in the first week of 


rABLE 19 
Dog 


370 
50 grams sugat ily with 150 ce 
637 | 349 | 2S4 5 100) OST 


107 


121 OS 
ysis in tubes containing blood and dve. Reading of color unsatisfac- 
s anemia experiments on this dog 


histidine feeding. In view of the constancy of the sugar feeding reac- 


tion in the third week of blood regeneration we attach considerable 


importance to this reaction. We feel that histidine may be in part 


concerned in the complicated endogenous reaction which is responsible 
for the final elaboration of the complex protein hemoglobin. 

The last 2 weeks of histidine feeding show merely a level curve of 
hemoglobin and pigment volume indicating that the maintenance fac- 


tor alone is being supplied. Under sugar feeding alone a slowly fall- 


Blo yenera Fo t female, adult 
9 IS 1193. 790 ty 141 | 55.8) 151 | 0.94) 8,0 | 8.4 | 8.35) 94 
9 IS) Diet: Crackermeal and milk 
Bled 178 ec Dyspnoea 
99 6 7 SO 65 
Diet 
We? 637 6,2 8,6) 6.90) 92 
6 10 
10 1S 
* Hemol 
tory 
No prey 
i 
| 


BLOOD REGENERA 


ing curve would b 
in favor of the 
hemoglobin ri 
small amount ofl 
ercentage content 


1 
na subsequent pay 


regeneration, 


‘he total nitrogen elimination is uniform 


pected low level except during the last week of 


a decided increase is noted. This type of intoxication is not 


s and we 
he moglobin and 


Incereas 


FOLLOWING sIM EA M 
expected, so that the reactior : t 
Stidine feeding as being 
ration under thes exXperil nt | 
histidine given Is signif¢e t whet ! 
oft histidine in essen per rit ] 
ABLI 
9 11 1342 1231 505 726 500 10a () 
9 11 Diet: Bread and 1 
1D Bled 30S ¢ 
13 3 1 30S ¢ 
GQ 15 Diet: 50 grams cane sugar. 25 g extro 
101 Diet: 5O grams cane sugar, 25 grams dey e, 1, gram hist I MM 
4) 171 0 SO 05S i,2 SOD if 
12 rt + r } + 
Volume hadrv oxalate H n y l 
sustained at the 
+} + 
itter long sugar diet period e is of gastro-intesti 
+ +} + + 
IS a Tat Cha tha pigment volume stv ! 
Increase during this period Of protein katabolis: t rather 
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192 G. H. WHIPPLE, C. W. em F. S. ROBSCHEIT 
20-Aa 
September 15 | Diet: 50 grams cane sugar, 25 grams dextrose, 300 ce. wate 
16 2.92 115 20.9 Diarrhe \ ted 55 
17 1.93 370 Rey Diarrhea Vomited 
IS 1.46 101 23.4 Soft feces. \ ited 100 
19 1.40 315 23.2 Vomited 50 c¢ 
au 1.34 240 23.1 0 feces 
2] 1.65 200) 99 5 Diarrhea 
22 1.23 2S5 22.5 0 feces 
23 1.34 346 22.1 Slight diarrhea 
24 1.34 247 21.8 0 feces 
25 1.28 271 21.8 Slight diarrhea. Vomited 
26 1.40 275 21.4 0 feces. Vomited 45 ce 
4 | 1.29 225 21.4 Soft feces. Vomited 25 « 
“Ss 1.20 245 21.2 Slight diarrhea 
| 1.29 336 20-8 Soft feces 
) 1.29 251 20.7 0 feces 
October 1 Diet: 50 grams cane sugar, 25 gramsdextrose, 1.5 gram histidine 
200 ce. wate! 
October 1 1.15 317 20.5 Feces 4 
2 1.23 200) °0.5 0 feces 
1.57 303 20.2 Slight diarrh 
} 1.34 64 19.9 0 feces Vomited 
5) 1.65 19.6 
6 1.48 152 19.5 0 feces. Vomited 55 
7 1.62 620 1S.6 0 feces. Vomited 
S 1.85 116 18.3 0 feces. Vomited 
9 1.68 111 18.6 
63 10] 1S.1 0 feces 
1] 2.35 2°61 \ nited 
12 3.20 155 17 .6 0 fece \ ted 
3.0S 341 17.6 0 feces 
| 14 3.14 300 17.4 0 feces 
15 2.86 115 17.1 0 feces 
lt) &8 ] 0 feces 
17 16.8 0 es 
IS 2 24 308 16.3 Moderate diat 
1.68 Diarr! Fair condition 


BLOOD 


led 544 
nd 4 20 


Begin 3 
B 


REGENERATION FOLLOWID IMPI I 
Begin 12/18 16 suga nd ge 
Bled 600 « 20 
End 1/11 17 532 7 00 | Slis 
15 
2617 | isting metab- 1395 111 GO | ) 
olist 145 9 350 
17 110 20 | 
Begin 9/11 17 Sugar 1341 106 11.60 | Table 20 
Bled 616 « Sugar and histi 1S 7S 11.30 
End 10/19 17 Cline 107 7.30 
NMietabolism i 
Begin 6/3/18 Cielatir bread 1621 QF 12.15 
Bled 753 e nd mi 723 76 11.25 bles 
End 6/28 18 1071 S5 10.70 Mixed 
Begin 8 8 1S Cooked hyy 2060 100 11.65 
End 9 27,18 1100 1195 M 
Begin 2 6 19 Bre 117 ] 
Bled 710 ! K ia 11.10 
Begin 5 1/19 B 1275 " | 
Bled 7R 1 410 
End 4/9 19 500 
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a slight loss in red cell hematocrit and pigment volume. 


This will be 
show nto he true in other abnormal condit Ons in which increased protein 


katabolism and urinary nitrogen excretion are observed. 


rABLI 


300 ce. water 


nd ANISOCVTOSIS OT re 


th drv oxalate. Hemogl 
i prepared in the usual w 


i\ 


table IS bh 


Tables 21 and 21l-a give more data on sugar feeding periods. The 
hemoglobin regeneration is rather more marked than in the average 


experiment during a 2-week period. We note 
vase in red cells (2,000,000). and 


stationary 


again a remarkable in- 
hemoglobin (26 per cent) with a 
32 per cent). If this observation had 
not been recorded in other experiments we 


red cell hematocrit 


might suspect an error. 


21 
10 17. 1397. 1083) 509 627 53.0) 11S 74 8.0 8 GO| 12 
10/17) Diet: Bread and mill 
10 19 Bled 271 ce 
10/20) Bled 271 
10 2?) \4 574A 270 32.0 il 1.04' 3.4 11.4 S40 
10 22) Diet: 75 grams cane sugar, 25 grams glucose, 300 ce. water 
10 29 617 R12) 552 0 76 | 0.88) 4.3 10] ‘ 
115 770 794) 548 246 | 31.0; 97 OST 5.6 6.0) 7.4 105 
115 Diet: 75 grams cane sugar, 25 grams glucose, 20 grams did, 
11/12 762 S38, 336 0.78: 5.8 3.6! 7.10) 118 
11/18} 764) 813} 496 | 317 | 39.0] 941 0.82] 5.7 | 7.2] 6.70) 121 
11/26 TSO 466 1.0 1038 | 0.76 6.6 14 6.40 106 
12/3 72D 770) 0 071 6.9 3.6 6.30 106 
(sliandit te alcohol extraction of wheat flour 
Experimental history, sec = 
| 
| 


November 


November 


October 22, | Diet: 75 grams cane sugar, 25 gr 
23 115 
24 2.02 267 
25 1.74 2352 18.2 0) 
26 1.46 17S 
27 1.48 101 17.8 0 
28 | 1.62 251 17.8 0 
29 1.74 261 17.6 0 ‘ 
30 2 10 256 17.3 Diartr 
31 1.43 217 17.3 0 fece \ t 
as | 1.51 131 16.8 0 feces 
2 1.57 241 16.8 0 feces 
3 1.46 171 16.0 0 feces 
t 1.79 151 16.3 0 feces 
75 grams cane sugar, 25 grams glucose, 20 gr lir 
300 cc. water daily 
rs) 1.71 301 16.2 Trace fee 
6 3.16 24] 16.1 0 feces 
7 3.53 192 15.9 Feces 4 
3.47 186 15.9 Diarrhe 
9 3.25 173 15.8 Diarrhea 
10 3.58 311 15.5 Diarrhea 
1] 3.25 277 15.4 0 feces 
12 3.33 322 15.6 0 feces 
13 3.47 301 15.3 Solid feces 
14 3.53 319 15.1 Diarrhea 
15 3.50 156 15.1 Prace of fece 
16 3.30 132 15.0 0 fece 
17 3.25 176 14.9 Soft fece 
IS 3.30 151 14.7 Trace of ( 
19 3.36 192 14.8 Diarrhea 
3.20 161 14.6 0 fees 
21 3.36 156 14.5 Soft fees 
22 151 14.4 fees 
25 3.98 156 14.4 Soft 
24 3.47 14.3 Soft fece 
3 36 IN] 14.2 Soft fece 
% 3.33 173 14.1 Diarrhe 
3.47 222 13.9 Soft fe 
152 14.0 race of fe 
29 3.36 IS] 0 
30 2 08 13.9 Soft 
December 1 3.70 166 13.9 0 fee 
2 3.233 IS] 13.8 Vr 
3.42 163 fees 
105 
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50S 


ind milk 


200 grams bread, 3 


S16) 556 


542 


BOD 


10.85 100 


LOG 
TABLE 22 
2/20 | 1114) SS 123 | 0.70; 8.8! 6,0/11.30) 99 
220 Diet: Bread 
2/2] Bled 
2/22 | Bled 280 « 
194 473 | 307 | 34.7| 78 | 0.85! 4.6! 19.2110.45) 85 
2 24 Diet: 100 grams sugar, 100 ec. carrot juice,7 150 ce. water 
2 816) 569 | 242 | 29.7| 67 | 0.90: 81 
ais SIS) 36S 238 61 0 71 13 111.6!) 9.65 S5 
3°12 1441 776) 555 | 206 | 26.5| 5710.73) 5.21 9.15) 85 | * Poik.+-4 
IS 174. 530 | 211 28.2) 63 0.79 4.0 6.8 S86 * Poik.+- 
Shad W 
CeCLLS 
3 IS” Diet: 200 grams bread, 500 ee. milk 
3 26 812) 575 | 232 | 28.6) 64) 0.71) 4,5) 7,4| 9.20; 88 | * Poik.+-4 
3 26 Diet: prams veast, 300 cc. milk 
251 | 30.8; 63 | 0.63; 6,2! 9.45) 86 * Poik + 
133} 761) | 211 | 27.7| 57 | 0.54) 5.3! 9,4) 9.35) 81 | * Poik.+-4 
114 726) 197 | 27.5) 57 | 0.57) 5.0; 7.2) 9.30! 78 | * Poik 
$2] 535; 828) 553 | 275 | 31.2) 63 0.59) 5.5] 9,4); 9.40) 88 
1 >] Diet: 200 grams cooked beef liver, 200 grams bread, 300 ec. milk 
DS 631) 851) 542 | | 35.8) 74 0.70) 5,3} 20,4/10.30| 83] R. B. ¢ 
D/é 1055 548 17.0; 103 | 0.71, 7,3) 10,410.70; 99 
5 12) 113 1082) 556 | 517 17.6; 107 | 0.69) 7,8 | 16,2 | 
‘ 
Carrot juice water extract of cooked carrots filtered | neentrated t 
} riment historv. see table 1S8-I 
| 


This shows 
red corpuscles 

Probably 

iwain 

including a fasting period 


Gliadin (20 grams per dav) added to t 


in hemoglobin iniform mal 
still further increase in cells with poikil 


evidence favors some red cell fragment 


trogen shows i 


The urimarv ni 


period and the expected le 
Table 22 gives the results of a second 


the same dog (16-160) used in the preeeding 


will be rved that this 


1] 


and there is actually a loss 


pet 


factor (carrot juice) which is o 


In pigment 


cent during a period of 4 weeks 


bviously inert under the 
conditions This point will come Up again 


with pigment derivatives We wish to point ou 
on February 24 after the 2 bleeding day 


173 ce.) is recorded against the norma 


ee. When the pl mia rr 


fall in hemoglobin and red cell hematocrit 


reaction is the result of the shock of the 


adjusted during the resting day int 


rvening 
and the second blood volun determination 
The second period of 


e the plasma volume 


»next paper 


other experiments, 


ation in this laboratory 


manv reports 


reneral condition oO 


absorption of pigment 


has been Suggested 


plex from the intestine 


material This and 


nuctuation in fh T 
tal ]S- 
ig 
Thes 
figures. This reactior be diseussed in det 
th 
separates it from all the bile fistula 
15-22) has been under observ for several 
nia m tial enerimen’ 
210 me excretion include experinel ( 
] ] + + 
t It is known that traces of bile can gain entrance i » 1 . {) 
intestine but the @iTT, the dog is perfect Che reactior 
to anemia under fasting conditions in this dog is of particul inte 
is the from the intestine may be exclud 
Addis (5) that absorption of s¢ pigment 
esting suggestlor 
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e pigment figures in a fasting period are given for this same dog 


‘obilin in the 


another publication (6). The 

fasting bile of this experiment is noted in table 23 and discussed below. 
not given here but were obtained in 

This is an aver- 


Kvidently 


In constant presence of 


urinary nitrogen figures are 


ls experiment and average 3.08 grams per 24 hours. 
ie figure for a normal dog of similar weight and activity. 


rABLI 


1063 580 


h dry oxalate 


ntly present in 


No previous anemia experiments ¢ 


robilin consta 
ital nitrogen in 


the bile fistula does not modify the total nitrogen figures in this experi- 


ment nor in many others. 


of hemoglobin and nt volum 


is 


marked a new formation of red cells 


We must not 


nore 
average normal dog. 


neration which is noted in 


a reserve being forthcoming 


LOS 
3 
» 2200 770 120 | 0.77 7,8 12.6 15.40 119 
3/26 Diet: Bread and milk 
3/28 Bled 460 « 
3/29 Bled 460 e« 
> 30 Fasting begun 
1/2? SOQ) LIS6 447 37 0 0 66 23,2 14.00 
S74 1136 O25 511 0 77 | 0.70 5.5 14.6 12.50 Q] 
1/16 1122-1069 556 513 iS 0 105 | 0.71 6.4 6.2 11.40 4 
/23 1133 | 1059 540 519 19 0 107) S.1 7.2 10. 40 116 
Blood volume Wit IM Hemoglobin by Sahli tubes 
mn this dog 
™ alter Ist day of fasting period 
irine iverage 3.0S g1 s per 24 hours 
rh I ISN cven nd hemoglobin 
sional abnormal dog which 
bys) r led +} 
neve een bled vhich re 
i 


votume. 


regener 


all the experiments in this pape 


biood 


BLOOD REGENERATION FOLLOWING MPI { 
he moglobin almost to normal in 3 weeks of fastu p) fil 
log had never been bled in any large amounts bef But 
reaction in this dog is trulv remarkabl at t 
period we note a normal red count, a hemog nal 
crit figure close to normal and a consider t 
ime. Itis noted that the plasma volum: 
fasting period which gives the reason for tl elative t 
| At anv rate the capacity of this bi is uy 4 
mum tion is in no way impaired and may be greater 1 
15-22 67332.0 | 70 | 87445.0) 77112248 
IS-114 62030.1 | 62 | 89938.7, 93.1103)44.4 
17-38 H328 0) 60 | 49139.0. 30 
16-160 | 54 88) 620/34 
17-28 631/30.8 | 66 1007 43.8 10 
17-27 L005 51.0 90 10S 
For example, we kno t the bile fistu ( rs ( 
as demonstrated by the microscope. There may be st in 1 
ment reserve is derived — to be turned into fir me 
ademana 
The last three tables (tables 24, 25 and 25-a) give the fig 
Of nd one fact stands out clear 
in table 25-a. The ave age Mem regeneration is distinctly greater duri y 
a fasting period of 2 weeks than during a similar sugar ] od of 2 
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weeks. The difference is even more striking at the end of 3 weeks when 
the average gain in pignrent volume during fasting is 274, contrasted 
with 78 on sugar feeding. Hemoglobin figures show an average gain 


of 29 per cent on fasting contrasted with 13 per cent on sugar diet. 


DSS: 
16S 
16-160 HOO: 


DISCUSSION 


The term “sparing action of carbohydrates” is familiar to all work- 


ers in metabolism and means that carbohydrate feeding will decrease 
the excretion of total urinary nitrogen by man or animal as compared 
with the fasting excretion nitrogen. It is ‘refore assumed that 


rABLI 
rWO WEEKS VEEKS VEEKS 
LEI LA I 4 4 I 
4.0 Ol 636 38S_0 62, 6384 39.0 541 40.0 5S 
53 536 32.0 60, 497\32.0 56) 556.35 .0 
0.0 53 574.380 76) 66S 41.0 735\43.0 
71 770)31 .0 762'36.0 91!) 764'39.0 G4 
16-160 one 34 7 7S 201 61! 444'26.5 474/28 '2 63 
19-28 316)26.9 | 62 | 916)47.2) 107) 562/47.3 | 12] 
: 17-27 598|34.0 | 63 | 763\41.0) 70) 750!42.0 73 
16-160 148/255 64 .3 69) 420.274 
sugar rage 515)30.87;) 63 | 648:35.5) 75) 593)36.4 76) 614:37.04| 74 
Fasting average 
tal 615 29.65) 65 S] IS 5 Sh SSO 40.23 S410 40.74) 94 
TABLE 
| 
Hema-| , Pig H i 
rit Hemo- t t t H 
e R.B.(¢ volume |R.B. ¢ 
Bight exper 133 | 4.63 12 78 | 5.53) 13 
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the administration of carbohydrat 
There are two theories for this spa 
a, That the sparing action is at the soures 
tissue katabolism or spares protein in tiss 
action is a conservation of split products whi 
hydrate radicles, are reconstructed into 
and used in various parts of the body 
cates, but it is fairto say that most of the experiment 
skilful proponent to support either hypothesis 
of the work in this field has been published recent 

Some experiments by Davis and W hipyple ‘ 
eration of liver cells following a unit injury can be sais 
vincingly the theory of conservation of protein end prod 
experiments there is little liver cell repair during fasting 
rapid repair during sugar diet periods. This ind 
can form many new liver cells when sugar is available but n 
a fasting period. These new liver cells must be formed from body 
tein split products, and this type of conservation of nitrogen is du 
sugar feeding and cannot be explained by anv amount of protein sparing 
at the source. 

The experiments, summarized in tables 24, 25 and 25-a 
normal regeneration of another type of body cell: the normal re¢ 
eell which is constantly being used up and reformed o1 
day by day. This is an admirable cell for a study of cell 
as its main constituent (hemoglobin) is very complex an 
accurately measured. The amount of hemoglobin circulating 
body can be measured with considerable accuracy and 
eurve of regeneration can be established with reasonable pre 
When we compare periods of regeneration of hemoglobin during fast 
and during sugar diet periods we find a constant difference which 
out clearly in an average figure of many experiments (table 
This table shows that the fasting dog can regenerate more red c¢ 
hemoglobin than a dog on a sugar diet. This figure is over and al 
the maintenance supply of hemoglobin which is needed to keep the level 
uniform and furnish the hemoglobin used up by the daily wear an 
of the circulation in the body. 

This actual reconstruction of new red cells and hemoglobin must 


come from the body protein or Its split products as no nitrogen is being 


supplied to the body. evidently the body conserves very carefully the 


substances which are suitable for the elaboration of hemoglobin. The 
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complex is a peculiar feature of the hemoglobin molecule 
‘an scarcely be formed in the body and may be an import 
ing factor in its reconstruction. How may we explain the 


hemoglobin during fasting periods in excess o 


feeding? This surely ¢: 


conditions shoul 
we assume that war vy have a certain sparing action 
the source we are able to suggest a plausible explanation. Suppost 
sugar feeding does protect body prot in from katabolism and 
lessens the amount of available protein split products, we are 


a 


tO explain the small r amount ol hemoglobin produced, pr 


assume that under all cireumstances of need or limited diet 


conserves all the available protein building stones which go TO Make 1} 


}) 


t} 


he hemoglobin molecule. This seems to us to be the best explanation 


of the observed facts, but this opinion may be modified by further work 


It objected that the “maintenance factor” « 

ary in fasting as compared with sugar periods. This factor is 
by determined at this time, but we have no reason to Suppose tl 
daily wastage of red cells should be greater on sugar feeding tha 


fasting periods. This question must be left open for the pr 


(iranting the facts as outlined above we may sav that 
proof to explain the “sparing action of carbohydrates” 
servation of protein split products which aid in 
struction as observed in liver repair (8). But these 

explained by a “sparing action ol 

at the source the body protein from k: 

we mav assume that the carbohvdrate 
‘sparing action” to protect the body protein a 


i] 
he CONSE 


prot in 


tions 


nit 


pigment net 


pigment oO 


t under 
product of he 


eertal itl pDigimne 


activities of tl liver (9). It is possible that : j thil nile pigment 


produced by ver and not derived from the deg tion of hemoglobin 


mav be an pigmen 


substance available for hemoglobin pro- 


so used and lat liscard way Oo] the bile. This 


202 ( 
1? 
| th reaction on SULA 
| 
ore 
rte 
+} 1, 
not to 
it. the 
Curing 
we have good 
sau to COn- 
} 
xperiments 
If +] 
i iis rn 
( ( OF protel wo are re is 
into new body HZ”! That one or the other of these two reactions 
under Varving con as probable 
No discussion of any phase of bolism is com vith- 
out proper consideration of the Olu 
It in AddITION Under 
represent certain constructive 
(Tide 
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reaction might only 

able surplus of pigment elements in 
ditions might not obtain in the body \ 
intake (fasting or sugar diet 

The bile pigment output, therefore, must be 
place. We are able to refer to observations of t] 
that there may or may not be differences in the bil 
during fasting periods as compared with sugar feeding pet 
fistula dogs. Certain experiments appear to show greater bil 
elimination during sugar periods than during fasting periods 
experiments show little or no difference in the bile pigment hi 
differences may represent individual variations in these 
and the available data are not sufficient to establish 
bile pigment excretion under these conditions. One 
clear—these bile fistula dogs during fasting or sugar periods do excre 
a measurable amount of bile pigments (average of 15 to 30 mgm. bile 
pigment per 6 hour daily collection). This pigment results from tl 
degradation of hemoglobin in the body or the produ ‘tion of pl 
complex from other substances in the liver—in other words, 
loss of pigment material from the body. 

One other point must be mentioned in this connection. During 
fasting periods in bile fistula dogs we have noted the invariable appear- 
ance of urobilin in the bile. In our experience this Is the only condition 
which is constantly associated with urobilin production in the dog’s 
liver. At times the bile pigments may be almost compl tely replaced 
by the urobilin pigment and this introduces a serious error in our analy- 
sis of bile pigment. It is probable if not certain) that this urobilin is 
lerived from the bile pigment and its increase therefore will be asso- 
ciated with a corresponding decrease in bile pigments. But we have 
no accurate quantitative analytical method for urobilin, although we 
can estimate bile pigments there present by precipitation of the cal- 
cium pigment compound, filtration and analysis of the acid alcohol 
derivative. It seems probable to us that the urobilin appearing in the 
bile fistula dogs is derived at least in part from the bile pigments in the 
bile ducts, due to the activity of bacteria which we know are responsible 
in part at least for thisreactionin the intestine. During fasting pe riods 


the flow of bile is very sluggish and this inferior drainage of bile gives 


favorable opportunity for the bacteria to multiply. It can be stated 


that bacteria are numerous in all bile fistula tracts and may 


1 Wi 


set up an inflammatory reaction in the bile passages 
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trouble. Flushing out the bile passages by cholagogue action as a rule 
gives relief to this condition. 

It has occurred to us that this observation may have some. signifi- 
cance as regards urobilin in the urine in a variety of conditions. There 
is no conclusive proof that urobilin is ever absorbed from the intestine. 
We have here proof that urobilin may be formed in the liver. It would 
seem safe to assume that the hepatic origin of urobilin should be consid- 
ered in any analysis of this complex question. When the possibility is 
suggested that wrobilin may be formed at times in the liver, it is obvious 
how difficult it is to exclude this possibility in the clinical conditions 


associated with which we note urobilin in the urine. 


SUMMARY 


During fasting periods after unit hemorrhages the normal dog can 
regenerate measurable amounts of red cells and hemoglobin. 

This regeneration of red cells and hemoglobin includes the daily wast- 
age of these elements, or the maintenance factor of the blood. The 
curve of hemoglobin regeneration represents the production of hemo- 
globin in excess of this unknown maintenance factor. 

Bile pigment excretion under fasting or sugar diet conditions may be 
considered as uniform. <A bile fistula dog may regenerate hemoglobin 
and red cells with at least equal and perhaps greater speed than a nor- 
mal dog. The constant presence of wrobilin in the bile of the fasting 
bile fistula dog is recorded and discussed from the standpoint of uro- 
bilinuria. The hepatic origin of urobilin is suggested. 

During sugar diet per ods the regeneration of hemoglobin and red cells 
is distinctly less than during fasting periods (table 25-a 

We believe that this observation may be explained by a double 
“sparing action of carbohydrates’’—both sparing at the source or pro- 
tecting body protein from katabolism as well as effecting synthetically 
a distinct conservation of protein split products. This postulates a 
strict conservation by the body of certain protein fractions which may 
be recast into hemoglobin. The presence of carbohydrate may facili- 
tate this reaction but the actual new formation of hemoglobin may de- 
pend in part upon the type and amount of amino acid groups available 
from normal protein katabolism. 

Histidine given with sugar appears to cause a production of hemo- 


globin over the control level. This amino acid may be one of the im- 


portant elements in this hemoglobin regeneration complex. 


Gliadin in the amounts used does not modify the hemoglobin reaction. 
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Karly in our work it became evident that bread and milk did not 
constitute a favorable diet for the rapid regeneration of blood. This 
diet is palatable to dogs and maintains them in good nutritional condi- 
tion for many weeks. As a result we began to use this diet as a main- 
tenance diet to which other factors could be added which did or did 
not modify the curve of blood regeneration to be expected from the 
bread and milk factors alone. Because in many experiments we use 
bread and milk as a part of the diet it is essential that we understand 
clearly the effect of this diet under a variety of conditions. We there- 
fore submit many experiments tabulated below to establish the normal 
blood regeneration of the dog which is limited to varying amounts of 
dried white bread and skim milk. 

We must mention in passing the dietary deficiency disease which 
develops in dogs kept for long periods on a strict bread and milk diet. 
This disease condition resembles seurvy in human beings and is 


rapidly fatal if not energetically treated by antiscorbutic measures. 


This condition will be reviewed in a subsequent publication. 


It will be noted from the experiments here outlined that bread and 
milk alone when given in large amounts may return the blood picture 
to normal in six weeks or longer. But when given in moderate amounts 

100 grams dried bread and 500 ec. skim milk) this diet will rarely per- 
mit of complete blood regeneration. On this diet the hemoglobin, 
pigment volume and red cell hematocrit may be kept at a permanently 
subnormal level following the unit hemorrhages used in our experi- 
ments to produce uncomplicated secondary anemia. The value of 
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establishing thi ‘t is obvious when it 
rials added to this diet will profoundly 
from bread and milk alone. These observ 
subsequent communications. 

A few experiments with two of 
bread and milk diet are included. C 
amounts are able to modify somewhat the r 


sugar feeding alone. Some work with incomplet 


Th 


tures of amino acids has been completed but 
conclusively in favor of any single amino a 
this peculiar reaction which depends in great mea 
ity of the body to construct hemoglobin. 


Crackermeal and milk were used at one period during 


white bread or in fact any kind of bread was not available 


reasons. This crackermeal was purchased on the open market 

the war period and its constitution is not accurately known 

were able to ascertain with reasonable certainty that this crackerme 
contained 70 to 80 per cent wheat flour, but a considerable percentage 
of barley and rice flour. Other grains may possibly have been con- 
cerned. The fact remains that this mixture of wheat flour and other 
grain flours did not modify in any manner the reaction established 
recently for commercial white bread which at present is made almost 
wholly from wheat flour. 

Rice, potatoes and milk are used in one large series of experiments 
The amount of blood regeneration on this diet closely parallels tha 
observed on a bread and milk diet. This diet also includes one 
substance sometimes used in bread, potato or potato flour. Anvy ¢ 
of these three diets is a favorable maintenance diet to which othe: 
factors may be added to determine the value of the unknown substan¢ 


in its relation to blood regeneration. 


EXPERIMENTAL OBSERVATIONS 


Unless otherwise noted, the same technique is used in these experi- 
ments which has been described above paper I). The food mixtures 
were all palatable and readily eaten unless note is made to the con- 
trary. With few exceptions the dogs maintained their weight, general 
activity and health throughout the experiments. 

Bread and milk diet. The first experiment (table 26) ir 


illustrates many points which are establishe al by the SLIC CECE 


208 C. W. HOOPER, F. S. ROBSCHEIT AND G. H. WHIPPLE 


ments given below. The dog presented a very high hemoglobin (130 
per cent), high red count (10 million) and blood per kilo (127 to 117 
ec.). Following the unit hemorrhages there is recorded as usual a 
volume of red cells (239 ce.) which is much below the calculated ex- 


pected red cell volume (438 ce. The low level in this experiment is 


more noticeable than in the average experiment. The plasma volume 
IS promptly made up to normal after the bleedings and remains as usual 
relatively constant. The curve of regeneration is quite steep during 
the first 2 weeks of the bread and milk diet but thereafter remains at a 
uniform level. This statement applies to the pigment volume, red cell 
hematocrit, and hemoglobin, but the red cell count shows a slow in- 
crease toward normal in the last 3 weeks of the experiment. 

In this first experiment the diet was abundant and _ sufficient to 
maintain the body weight and even to allow of slight increase. This 
point is of much importance, as will appear later. This and other 
similar experiments show that a liberal bread and milk diet sufficient to 
maintain or increase the body weight will cause a certain degree of 
hemoglobin regeneration over and above the daily maintenance hemo- 
globin factor. Blood regeneration may be rapid for a week or two 
and may even return the blood picture almost to normal in certain 
experiments. 

The repeat experiment on this same dog (table 26) shows a lower 
initial hemoglobin and red count. The hemorrhages are less in amount 
but the anemia level for pigment volume is much the same as in the 
preceding anemia period. The diet now is not abundant and contains 
only 100 grams dried bread as compared with 343 grams in the first 
period of regeneration. This 100 grams bread diet is not sufficient to 
maintain the body weight at its normal level and there is a loss in 
weight of 1.4 kilos during the 5 weeks of blood regeneration. Ther 


IS 


a striking difference in the amount of hemoglobin regeneration which 
shows only a trivial increase from week to week over the maintenance 


factor. In using the term maintenance factor we wish to Indicate 


that 
unknown replacement fraction which represents the daily wastage of 


red cells used up in the body metabolism. There are experiments to 


indicate that this fraction mayv be 3 per cent per day in human beings, 


but there are no data to establish this lmportant point for the dog. 

It is obvio is from these two anemia periods table 26) that a dog 
will regenerate more hemoglobin on an abundant bread and milk diet 
than on a limited bread and milk diet. This applies particularly 


portion of the diet. The term “bread” as used in this 


] 
| 
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1910 1467 


IS73 1418S 600 


852 1074 654 104 


Diet: Dried, 


1120 1133 58S 534 
1137, 1110 560 544 


1083 575 


1092 1072 561 


Mix 


1275 


rABLI 
1/30 | | «59.8, 130 11.5 |} 127 
2/6 812) 57.2) 132 0.66 10.0 9,012.15) 117 
1 /30 Diet: White bread and mill . 
2/7 Bled 355 ce 
2/8 Ble 1355 ec 
2/10 520; 852) 608 | 239 | 28.1 61 1.0 3,1); 28,4)11.1 77 
2/10 | Diet: Dried, ground white bread. 343 grar skim milk, 500 
2/17| 79 0.88 4,5) 12,011.6) 93 
2/17 | EEE ound white bread, 343 grams, skim milk, 200 « 
3/3 99.0 102 OS2 6.2 7,411.35 98 af) 
3/7) 107 105 | 0.72 7,3 7,811.5 4 
193 | 46.0 102 0.66 7,7 6,811.35 98 
3/21 | Miked diet 
3/31 1155 586 50.7 110 0 67 7.2, 12.0 | 
3/31 Diet: White bread and milk 
/] Bled 290 
4/2 Bled 290 « No distress 
13 887 633 | 249 | 28.1 56 0.67 9611.4 7s | 
1/3 Diet Dried Ind hite bre 100 grat 
1/1] 566, 989 662 | 307 | 31.0' 4,7 11,011.25 77 
1S 662 OSS) 63S 3:3.) 67 Q 11.0 On) 
/25 652} 920 578 | 304 7110.85 6.5 6.6/10.7 
/2 734 955 77 (0.57 6.7 7,210 
9/9 HO] 1] 7.5 76 | 0.58 ( 10 0 
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rABLE 27 


1343 540 3 6110.65! 126 


ad and milk 


No distress 
$39} 645 | 190 | 22.6 55 | 0.95) 2 610.00 S4 
: 260 grams dried, ground white bread, : kim milk 


1020; 683 | 327 | 3 06 55) 5,1 0.10.25 100 

1OSS 651 5 | 39.7 : 3 1:10.25! 106 | * Poik 
1000 626 362 67 210.80 

1085 647 11.15 

1126 667 


1098 650 

Mixed diet 

1216; 687 | 52 13.0! 94 
White bread and milk 


304 ce 
304 ce No distress 


968 709 | 25: = 56 | 0.82! 3 $12.40 


300 grams dried, ground white bread, ee. skim milk 


979 640 | 3 ( 612.50 
811) 1112) 712 | 39% 30 .¢ 112.45 
S64 1110) 6SO 5 112.40 
1005 1200 71S 3 0)12.75 
1094 1236, 740 | 39.2 0.12.75 
1031 1311 SOO rk: 5: 0.13.20 
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bread and milk—repeat experiment. Dog 19-94. Bull mo» 
grel, male. age mont} 
6s Diet 
1/17 | Bled 335 e 
1/1S Bled 
1 /20 
1/20, Diet 
1 /27 576 
2/3 O00 
2/12 750 
2/19 
S99 0.73, 5.6 8411.70 4 
310 Diet: 
3/17 | 1146 0.70) 6,7 10.613.05\ 93. * Slight 
3/17 | Diet: 
3/1S Bled 
3/19 Bled 
5 28 Slight 
19 RQ * Slight 
97 * Slight 
‘ $30 Og * Slight 
No preV 10 ms with this dog 
i 


reaction un 

experiments at 

eation includ ufficient dat 
Therefore we may feel secure 


df the blood picture 


il health is also normal 


reparative 
at experiments. We 


viations from the 


The repeat experiment 


volume, red cel] matocrit and hemoglol 


with the first anemia period There is sl] 
experiment first anemia 
anemia periods the diet w: land permitt 
of approximately 1 ki 
brought the 
ane min le vel 
In the 
in contra 
proper proportion 
in a period of rapid dy growth 


The 


] 


a definite 
the 
n | rings the pigment volume 
normal level. The steady gain in weigh 
be lost sight of in reviewing the same ga 

adult normal dog the plasma volume 
stant under these experimental condition 
The experi it given in table 29 is 
preceding. After the anemia period we h: 


as usual a definite gain in pigment volume 


University Hospital, sorted, dried 
food regeneration tollow1 tins 
tance to know ma quest } 
\ 
~ 
In using 
nd gon) With repeat 
the dog does not Increase in its capacity to reg reat LO” 
does echanism fail unde t! 
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‘ tT? 
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rABLE 28 


miLn—re peal 0 102. Bull mon- 


- 
mate, age 5 tt 


1026 LOGS) 606 152 


Diet: Bread and milk 


sled 267 ce 


Bled 267 ce No distress 
S03 504 205 7 11.410.25 
283 grams dried, ground white bread, 500 ec. skim n 


951 GOS : 3: 6 10.65 
1014 59 6111.25 
811.35 


012 


1220 644 


1085) 702 | 361 

S84 1083) 650) 421 

1099 1163 660 19S $2 
1648 1485) 701 | 769 | 51.8! 111] 


126S 667 5S4 15.0 101 


1/30 44 482 153 108 9.735; 97 
2/6 12.3; 96 0.63) 7.6 16.0 10.90 
2/6 
2 [7 
9/2 
10 
2/10 
2/17 720 So 
2/20 SSS %) * Poik. +4 
5/3 1045 94 | * Poik.- 
3.10 1020 * Poik -+-- 
1026 10560 576 167 4.2) 97 | 0.70 6,9 12, SO Poik. + 
3/22 | Diet: Mixed diet 
1220| 16.2) 100.) 0.67) 7,5 12,6)13.20; 93 * Poik. +- 
5 31 Diet: Bread and milk 
1/1 Bled 305 ce 
4/2 Bled 305 « No distress 
1/3 170' S874 634 232 | 26.5) 541! 0.68) 4.0 16,812.50 70 Poik. +4 
1/3 Diet: 283 grams dried, ground white bread, 500 ec. skim milk 
1/1] ) 0.69 5.1 7,.4:13.30 
1/18 >| 0.64) 6.4 12.8:13.50 SO 
4/25 0.64 7.3 9 613.85 S4 * 
0.74 7.5 11,214.55, 102 
* Poikiloevtosis of red cells 
No previous anemia experiments with this dog 
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The experiments given in tables 30 and 31 are 


be discussed together In both experiments the amount 


milk was not measured, but it is significant 


but definite loss of body weight during the 


It is to be expected, therefore that the diet would no 


the level of hemoglobi and pigm nt volume much a 


BLOOD REGENERATION FOLLOWING SIMPLI ANEM oi 
show a stationar pigment ~T 
lefinite gain This diet was sufficient for ter ght 
‘ 
nd the general Condition Was 1 
5/1 | 1692 1270 546 | 716) 56.9 133) 0.68 98 | 12,: 
Diet: B 
) i et 
y/2 Ble 1318 ee 
5/3 Bled 318 ce. No distres 
5/5 592 55D 7 0 64 5.6 ]] 
5/6 Bled 200 ce 
5S 140) 66S 459 °03 0 Oh 9 12.0 10. 
5/8 Fasting 
620; 802) 515 | 283 | 35.3) | 0.73) 5,3 l is 
5/14 Diet: 100 grams dr 1. gr nd « te bread. 5 
5 633 SOT) 3S 71 0 66 5.4 14 » | 
6/4 798 929 574 345 37.20 86063 68 10,6 9.7 | 
Poikiloeytosis of red cells 
No previous anemia experi nt nt - 
Ss that there was a slight 
bread and milk periods 
» reise 
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The larger dog (table 30) does show a slow 
normal in 4 weeks, but the smaller dog (table 3 
gain during 3 weeks. There is a 


lost subsequently. 


The mixed diet reaction 
tables 30 and 31) and a week or two is sufficient to n 
he normal level. 


ind establish th 


very nicely shown in 


is 


in hemoglobin 


rABLI 


\ bil stula experiment is included (table 32) to show tl 
dogs As regards blood pigment prod \ 


0 have complete exclusion 
His general condition 


t1on 


dogs react like ul 
anemia. This dog was known t Ol 
intestinal tract autopsy notes 
experiment was excellent and thi 


bile from the 

during the entire bread and 
diet was sufficient to maintain the 
period there was a 


hodyv weight close to normal. 


t kilos, which is 


r the enti loss of only 1. 


regeneration toward 
shows no 
e first week Which 1s 

hep the 

ik ¢ if 
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with white bread. A mixture of grain flours, therefore, is no more 
efficient in promoting a regeneration of hemoglobin and red cells than 
white bread alone, consisting mainly of wheat flour. 

Table 33 is to be compared with table 30—the first experiment done 
with white bread and milk, and the second with crackermeal and milk. 


rABLE 32 


ead and milk dic 


] ] 
/ ld 
mongret, mate, adul 


CENT 
VOLUME 
VOLUMI 
MI 
HEMATOCRIT 
MILLION 


PER 


ABMA VOLI 
( 


HLOOD 


Hb 


BLOOD PER KILOGRAM 


COLOR INDEN 


HLOOD 


Pl 
PI 
R 


2675 | 2158 971 LOSS 


Diet: Bread and milk 


Bled 540 e 
Bled 540 ce 


S30 140S 40S 0.87 


Diet: Bread and milk—amount not measured 


1058S. 1557 1059 19S 3 6S 17.20 
1575 1852 | 1222 16.80 
1274) 1404 937 S7 3 16.40 
1415 920 5 70 16.10 
1150 | 1532 950 : 3 75 : 5. 15.90 
13 | 1480 | 1741 | 1097 85 5: 15.90 


IS 1574) 1089 ot 3 71 ) 3, 16.10 


Blood volume with dry oxalate. Hemoglobin by Sahli tubes. 


No previous anemia experiments on this dog 


These experiments were performed during a period of rapid growth 
and the diets in each instance were sufficient to preserve body weight. 
There was a slight gain in weight during the crackermeal experiment. 
Both experiments show a slow steady gain in pigment volume, hemo- 
globin and red cell hematocrit. We may say the curves are as nearly 
identical as one can hope to observe in this type of experiment. 


Blood regeneration (—bile fistula. Dog 17-151. White bull 

0/723 124 | 0.72] 8,6 5,2} 18.20) 113 

6/28 

5 /30 

| 3.4 | 14,6) 17.50; 80 

5/31 

6 110 

6 RO 

6 SS 

7 4 OG 

7 109 


BLOOD 


After 8 period of & wer ks of erackel 


developed acute dietary 


ME 
Mi 


VOLUME 


VOLt 
PER CENT TIMES 


VOLUME 
HEMATOCKII 
MILLION 


BLOOD 


BLOOD 
COLOR INDEX 


PIGMENT 
PLASMA VOI 


1556 1136 571 
Diet: Bread and milk 


Bled 284 ce. 
Bled 284 ee. 


714 978° 699 
Bled 220 ce. 
804. 1200 S58 323 uF | 0.84 4.0 
Diet: 200 grams crackermeal, ‘c. milk 
984: 667 | 308 | 31.3 0.80 5 12,412.50 


1048 670 367 35.0 5 0.66 8.6 12.55 


6,412.55 
18.0 12.60 


1135 68S 441 38.9 

1152 442 | 38.4, 99 
1315) 7: 558 | 42.5) 105 14,8 12.90 
1119 497 | 44.4, 97 11,0 12.80 


7 536 «42.0 101 12 75 


Mixed diet. Extra meat vy deficiency 
1050 690 35. 33 10.8 10 35 


26) Killed. Autopsy 


* Poikilocytosis of red cells 


Refer to table 30, bread and milk experiment 


death 1 week later. Note the fall in blood volume, hemoglobin and 


red cell hematocrit during this short period. The autopsy findings will 


not be discussed at this time. 


MEE REGENERATION FOLLOWING SIMPI NEM 217 
len de ease 31] 
8/15 
8 /17 
19 74 
19 
§ /21 17 
§ /2] 
8 79 * Poil 
9 4 994 * Polk. 
9 11 1078 * 
9/19 1136 Q2 * Poik. 4 
9 27 1380 102 * 4 
10/9 1085 93 
121 
10°25 7SS 10] 


s a long experiment in which 


er in sufficient amounts to pres 


kilo during the period 


ntioned 


at times 
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| by] r)t +} ) y 
meal, lard and butt the body weight 
previous anemia experiments had been performed on this dog. whi 
10/29 | 1450 | 1058 | 571 {S746 137 | 0.87 | 7,9 8.6 | 10.70) 99 
10 2Q I) t Bre i nad 2 il} 
10/30 | Bled 265 ee 
10 31 Bled 265 « 
522 | 790| 563 | 29 1.14 7,0! 10.40! 76 
11 Diet 0) or ser rmeal. 10 rd, 10 erat itter 
1] } re OO >. ) { 
1/16} 948 | 1088 | 664 125 9 87 | 1.01 13 ISS | 10.30 10 
| 69 | 1052 589 163 14 ) 0.90) 5.1 931 10.3 l 
1 OOS 549 }-4! 1 ) 7S 2 7 
) 1111 1028 555 173 | O.S8 6.3 10. 4 
1O70 TAMIR 164 1OG ‘) * ) If 
a] 11 1()4 14 77 ( 10 
IS 14 te | ( 
127 | 0.79 0 0.4 
{ 1139 54 1S 1) 6 
th dy wlate. Hi ] he 
mav account for the fact that the blood regeneration finally carried t] 
level to normal. This reserve has been mci in the preceding 
communicatl The gain is very slow and sim there appears to 
be a slight loss n | cell hematocrit or hemoglobin or pigment volume. 


The experiment 


but for the 


iods 
loads 


i i | > 
it 1 intl 
4 
‘ r) 
RB | +} < 4 
1n Lie IS Verv Lin if preceainy? 
one HMM fact that this dog had been observed previously in 
unemia perl (see experimental history 18-b). The blood regenera- 
tion 1S very siow on the same amount of crackermeal, lard and butte: 
Chere WAS A slight loss Ot weight on this diet whic co uns a suln 1 
number of calories per kilo. This is to be explained by the presence 
of diarrhea. 
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The addition of milk powde1 table 36) to the lard, butter and crack- 
ermeal diet does not modify the curve of blood regeneration nor does it 
prevent the development of the dietary deficiency disease after a period 
of | month. The peculiar reaction of the red cell hematocrit which 
actually diminishes as the hemoglobin and red cell count increase may 
be explained in part by the use of dry oxalate in varying amounts. 

rABLE 36 


meal, lard, butter and mil 


~ 


Bull 


K po 


mongre l, male, yo ing adult 


MI 
CENT TIMES 
MI 


BLOOD VOLUME 
HEMATOCRIT 


VOLUMI 


B 
MILLION 
BLOOD PER KILOGRAM 


COLOR INDEX 


BLOOD VOLI 
PLASMA VOLUMI 


2212} 1616) 711 | 905 | 56 37 | 0.77) 8,9 
Diet: Crackermeal, lard and butter 


Bled 414 ee. 
Bled 394 ee. 


1027; 1222) S80 165 38 84! 0.87) 4.8 13,2)14.30 85 


Diet: 163 grams crackermeal, 10 grams lard, 10 grams butter, 


100 + grams milk powder 


1215) 1322) 846 | 476 36 92 88} 5,2 11,214.8 
1153, 1281 SS3 14S 35 SS) 5.1 9615.0 
1055| 1227, 834 | 392 ) 84 5,1 8,0 14.80 
1350 1324 S834 190 3 102 77. (6.6 19.8 14.60 
1/9 1408, 1257) 855 | 402 32 | 112 84) 6,7 11,614.10 
. Dietary deficiency disease Death April 17. 
Blood volume with dry oxalate. Hemoglobin by Sahli tubes. 


The pigment volume regeneration is about the expected amount in 
view of the diet which was sufficient to maintain but not increase the 
body weight. 

The next three experiments may be discussed in a group (tables 
37, 38 and 39). The influence of splenectomy is concerned in two 
of these experiments and under these experimental conditions the blood 
regeneration appears to progress in a normal fashion, at least for a time. 


l Dog 16-1 m7 
Blood rege 
ent 
6.8:15.10) 107 
3/4 
‘ 
3/9 
3 
» 
5 
3 
| 


ir metab 


Mono-amino-acid 


TABLE 


2 


VOLUME 
PER CEN 
OOD VOLUME 
MI 


ASMA VOLI 


GMENT 


Begin 9/13/16 Mixed 8 ] 
Bled 450 ee 4 
End 10/15/16 14 
Begin 11/6/16 Fasting, metal 
Bled 660 ee Sugar. metabolisr { 
End 12/16/16 Gliadin, sugar 
Gelatin, sugar 
Begin 9/11/17 Sug ism 1570 109 13.1 
Bled 712 ce. 756 
End 10/19/17 fraction of gelatin 1273 130 9 
Begin 3/4/18 Crackermea lard 107 
Bled SOS ce butter, milk pow- 1025 S5 14.3 ' 
End 4/9/18 der 1385 so 14.1] Dietar lefi- 
ene jjc- 
Blood regeneration crackermeal. lard. butter. alfalfa meal Dog 18-97 Bull 
monorel. female ouna adult 
+ 
3/11 2038 | 1358S 714 57 150 0 SS 8.5 92 12.4 109 
3/11 Diet: Bread and milk 
3/13 Bled 339 ce 
3/14 Bled 340 
3/16 O66 570 OG 1] a4 1 04 15 15.6 11.40 Q9 
3/16 Diet: Crackermeal, lard, butter, 40 grams f mi 
3 /22 1175 | 1118 DAS 570 51 105 O86 6.1 10. 7 103 
3/29 1250 LOSS 561 LOS 17 11S 0.75 7.9 144 x0 
/4 1322 5S] 195 1 123 | 0.74 8.3 12.4) 10.90 19 
t 10 1102 595 SOS 145 | 0.75 11.4 11 
with dey oxalate. by Babli tubs 
No previous anemia experiments on this dog 
22) 


) 1S] 14 7 1f 
|B 79 
‘ > Z ) 
»/7 1) WO or ort rol 
TOS 512 11 2 ,an OT 
1) t I 10 rad 14) rams ter 
820! 492 | 328 10 9? | 0.721 6.7 80! 9.60! 835 
S48) 517 Os 5 8 9 70 
114) 539 75 1] OT RQ 6.6) 9.71 O4 
4 ) 329 Q 7 O SO G3 
SIS 7 13 1.6 20.4: 9.71 61 
Begin 4/24/17 AYE Blau 11S 102 Pal 
{ 45S 40 76 9 
| 063 117 6 
Begin 4 17 Cra rd 1112 106 10.0 Pahle 2e 
1 
t 9 6 
1447 143 7 th 11 17 
End 10/31 1 14 61 D 11/1/17 


amo 


I 
is suggested that the spleen migh 
ll stroma. These present 
duction of faulty red ce 


ll stroma unde 


some re 


Diet: B land 
14 ( 
«LIND 732-430 7 102 0.77 
I 
unts of pigment material (hemoglobin 
aACKING In Quantity ¢ l | 
t be concerned in the development 
exeriments may point to thi ; 
such conditions (table 38) bu 
gue diers may wish to postulate the development of some unl 
poison to explain the distintegration of the red ; in our spnlenex 
experiments. This condition develops very abrupt und U1 
} 
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vene in a dog with relatively normal red cell count and hemoglobin 
values. Within 2 or 3 davs the red cell count may fall to one-third 
normal (table 38) and abnormal pigments appear in blood serum and 
urine. Much more study must be given to this condition and we 
expect to report further work in this line 

Alfalfa meal was added to the diets in two of these experiments. 
These experiments give no evidence to indicate that alfalfa meal exerts 
a definite influence upon the curve of hemoglobin regeneration in the 
dog. The alfalfa meal used in our experiments was the usual grade 
of finely ground alfalfa purchased on the open market. 

Rice, potatoes and milk. We may consider the next group of experi- 
ments as a unit (tables 40, 41, 42, 43 and 44). In principle all these 
experiments are similar and the results are remarkably uniform. In 
the first four experiments the dogs were bled and placed upon a uni- 
form diet of cooked rice, boiled potatoes and skim milk. The regen- 
eration in most of the experiments was slow but uniform with the end 
result after 5 to 6 weeks about normal or slightly below the normal 
blood level. After this there followed a short period (7 to 10 days) of 
mixed diet. Then a second period of anemia and blood regeneration 


upon the same rice, potato, milk diet was observed. These second 


periods are replicas of the first regeneration periods on this same diet. 

It is clear that a liberal diet of cooked rice and potato with skim 
milk sufficient to maintain or slightly increase the body weight will 
give a slow steady gain in blood pigment, red cell hematocrit, red cell 
count, ete., which will often bring the regeneration curve back to nor- 
mal or close to normal. 

Two experiments are exceptions to the general reaction (tables 40 
and 44). Table 40 shows a regeneration which is incomplete and not 
back to normal in 5 weeks. In fact, during the last month the regen- 
eration is not in evidence and the pigment volume, hemoglobin and 
red cell hematocrit are stationary. There was a slight loss of weight 
during this period but the dog was very active and normal in all re- 
spects. The second anemia regeneration period shows an identical 
reaction. Table 44 shows a still more striking difference from the 
normal average regeneration. This dog refused to eat the amounts of 
rice and potato and milk given at first. She ate the amounts recorded 
in table 44, which amount to about 50 per cent that given to the other 
dogs. or 50 calories per kilo body weight. During 6 weeks there was 
a loss of 2.5 kilos and the blood regeneration was only slight during 


this whole period. 


BLOOD REGENERATION FOLLOWIN 


Blood 


MI 
MEI 


VOLUME 
PER CENT TIMES 


BLOOD VOLI 


HEMATO 


iMENT 


BLOOD VOLI 


PLASMA VOLUME 


1367, 1067 455 602 


1394. 1078 468 
Diet: Bread and milk 


Bled 270 ce. 
Bled 270 ce No distress 


630, 457 | 170 | 26 
: 3635 grams rice, 417 grams pota 


765 451 311 10 oO 
859 451 17 109 
S16 445 366 14 99 
833 419 410 19.2 109 


773 402 | 362 | 46 105 
Mixed diet. Extra food 
SOS 433 456 50 115 
Bread and milk 


Bled 225 ce. 
Bled 225 ec. No distress 


162) 68S 462 67 O.SS 
Diet: 363 grams rice 117 grams potato 


780, 469 | 300) 3S S4 
7é2| 435 | 330 

760 42 339 

S44 S16 421 391 


791 S04 43 369 


* Poikilocytosis of red cells. 
t Only 300 ec. of milk given. 


t Gave 300 grams rice and 300 grams potatoes. 


No previous anemia experiments on this dog. 


= 

1/30 | 56.4) 128 8.75) 122 

2/6 55.1 120 6S 14.8 120 

2/6 

2/10 | 363 6| 3,8 | 25.8) 8.35, 75 } 

2/10 | Diet toes, 500 ec. milk 

2/17 692 0.82) 5.5 11.6 8.00 96 

2 /26 933 0.75) 7,3 S84 8.00 107 

3/3 807 0.70 7,1 | 10,2) 7.90, 103 * Poik.+14 

3/10 910 0.80 6.8 10,0, 7.85 106 * Poik 

3/19 S14 0.67) 7.8 90 7.85 GS *p + 

3/21 | Diet: 

3/31 1036 0.69 8.3 12.2. 8.65, 104 

3/31 | Diet: 

4/1 

4 

1/3 3.8 24 8.90 s4 

1/3 s, 500 ec. mill 

11 0.70 60 11.2; 8.20 97 

1/18 0.56 8.1 SS 

0.55 8.9 SH O 

5/2 0.64 7.8 7.90) 103 

5/9 ee 5.9 98 | 0.58) 8,5 9S 7.65 105 
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7 } 
1/17 
| \ 
) OO 218 | 77 14 ,4] 
l 74 16) 76 0.72 16.2) 1 if 
53S 0.75: 6.5 14 1) a0 ‘ 
{ 17 { () 7 & 10) 
\1 
11230 640 7 0 841 58 sf) | 
7 |) Cire 
1) I's I bo ad riee potatoe SOO 
5 HOS 4 7* 6 6.2 11.6 11.80 | 
OOo 71 79 0 70 5.6 11.85 
(4 5X8 14s O41 N90 109.411.9098 
} D4 1? GS 7.4 0011.95 
NO p! dog. 


BLOOD REGEN] ATION FOLLOW 
B 
1/16 | 1455) 1580, 742 | ¢ 44.7 104 . : 
1/16 | Diet: Br ! 
1/17 | Bled 345 
1/18 Bled 245 ¢ 
1 (20 Diet 100 } ‘ 175 gt 
1/27 768 1084. 638 1265 72 7] 7.4 10.8 1 
1058! 1080! 570 | 494 | 45.7 | 0.60! 8.1 ; ) 
127 1] | Fal 0 R84 & 7 
‘ ‘ 
»/10 | Diet: Mixed diet 
140) F {7S 17 104 
wi 1) 
» 1a 
TS 
) 
yt | s 
° t 
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potatoe 
B all mongre 


TIMES 


Mh 
PLASMA VOLUME 
VOLUME 
HEMATOCRIT 


BLOOD VOLI 


R. B. ¢ 
R. B. ¢ 


183 
£28 


1100 


978 


1077 


1020 


44.9 
41.9 


59S 
Diet: Bread and milk 


Bled : 


Bled 255 ce. No distress 


130 80S 600 | 204 


Diet: 411 grams rice, 47: 


365 2.7 
446 | 45.5 
574 | 52.6 
176 | 47.3 
177 | 48.4 


185 
520 
49] 
526 


499 


854 
981 
1070 
1008 
986 


770 
996 
1305 
1068 
1065 


| Diet: Mixed diet. Extra fc 


1103 1103 600 | 492 | 44.6 


Diet: Bread and milk 


| Bled 276 ec. 


Bled 276 ec. No distress 


144 837 612 | 220 | 26.3 


Diet: 411 grams rice, 


347 
377 
139 
19] 
160 


36.0 
39.4 
43.8 
46.5 
13.3 


964 
957 
1003 
1057 
1062 


603 
570 
546 
560 


592 


756 
803 
970 
1077 
1045 


, Poikilocytosis of red cells. 
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rABLE 43 


and 


female 


102 
96 


milk 


ade 


COLOR INDEX 


0.61 


| 


0.78 


90 
102 
122 
106 
108 


0d 


100 


53 


79 
S4 
97 
102 
98 


0 


to 


76 


172 grams potatoes, 


AND G. H. 


epeat ¢ iment. 


I pe 


5 months 


BLOOD PER KILOGRAM 


R. B. C. MILLION 


9.50 


12,610.00 


113 
102 


7,9 


3,4 9.0 9.45 


grams potatoes, 500 cc. milk 


12,4) 8.85 
10,8 9.10 
8,4) 9.20 
7,0} 9.20 
9,0, 9.60 


or 


10,6 10.65) 


11,610.40 


3,5 


500 ec. milk 


8,8 10.70 
14,6 10.55 
7,210.65 
11,010.35 
14,6 10.50 


No previous anemia experiments on this dog. 


WHIPPLE 


Dog 19-108. 


REMARKS 


ce per per kgm cc _ 
2 /6 
2/6 
2/7 ee. 
2/8 
2/10 | 
2/17 0 8 96 
2 196 0.6 108 
3/3 0.80 6 116 
2 10 0 110 
3/19 0 103 
3/2). 
3/31 | 
4/2 
1/3 
1/11 0.76 5,2 90 
1/18 0.57; 7,4 91 
4/25 0.64 7,6 94 
5/2 0.62) 8,2 102 
5/9 | 0.65 7.5 101 


BLOOD REGENERATION FOLLOWING SIMPLE 


This experiment (table 44) shows admirably a rear 
other experiments. The bleeding reduced the hemoglobin 
per cent to 59 per cent and the red cells from 7,500,000 to 3,300,000 
During the 6 weeks’ observation we note a rise of only 24 per cent her 


globin but the red count returns to normal. The color index 


TABLE 44 


oes and milk. Dog 


age 8 mont} 


RAM 


RIT 


VOLUME 


VOLUME 
HEMATOC 
MILLION 
D PER KILO 


IMENT 


BLOOD VOLUME 


PLASMA VOLUME 
COLOR INDEX 


R. B. ¢ 
R. B.C 
R. B. 
BLOO 


1238 568 | 663 | 53.6 
: Crackermeal and milk 


310 ee. 
Bled 310 ee. No distre 


891 636 | 246 59 | 0.89) 3,3 14,212.40 


200 grams boile 200 grams potatoes, 500 ce. milk 


351 | 267 | ¢ 74 | 0.93) 4,0 14,8 11.55 
598 | 308 | 3: 73 | 0.65! 5 11,411.20 
368 | 3 82 59) 6. 10.4.10.75 
354 | 56) 7, 6,810.30 
368 90 10,210.10 
394 | 42.0) 83 12.0 9.90 


* Poikilocytosis of red cells. 

+ Animal refused to eat larger quantities of food. Represents about 50 calories 
per kilo of body weight. 

Experimental history, see table 4-b. 


drops from 0.93 to 0.58 and poikilocytosis is very much in evidence. 


Under such conditions one feels a very strong probability of red cell 
fragmentation. 

This evidence (tables 40 and 44) confirms our belief that the amount 
of any diet may be a considerable factor in blood regeneration. Given 
a diet of a limited nature but sufficient to permit of slight gain in body 


en 
3/17 | Diet 
3/10 | 
3/19 ss 
3/21 527) 2 
3/21 | Diet 
3/28 616 835 79 
4/2 662 911 S] * Poil 
19 784 959 * 
1/16 728 GOS 88 | * Poik. + 
1/23. S18 905 9) | * Poik.+4 
1 30 938 95 | * Poik. 
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BLOOD 


larly 


particu 
clusive). Casein used in 
dairy products company 
lar powder, pale vellow 
from information given 
The gliadin was extr: 
use of dilute alcohol (7 
was thoroughly mi 
to the dog by spoon 
this way. 
Table 15 shows the influence Casein, sugar, 


blood regeneration. The diet was sufficient te 


and the blood regeneration was comple te In 


forget that this dog had not been used for 
vious To this time and such dogs occasionally 
ative capacity on limited diets. The ne 
conclusive and shows the effect of casein under more 
and less favorable conditions. 

The second casein experiment (table 46) is pre 
sugar diet period during which the expected reacti 
is the usual gain in red cell hematocrit, hemoglobin an 
If the sugar diet had been continued we are reasonab 
pigment volume would have remained stationary 
Casein added to the diet shows a distinet gain 
subsequent weeks when we see slight fluctuations in 


but relatively little change. There is 


calories In the diet are increased the 
for the urinarv nitrogen show the normal le) 
during the sugar and casein intervals indica 
metabolism. 

oO be compared with 


th experiments 


weeks. This experiment 


k period 


} 


n pigment volume which Is 
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25 grams glucose, 300 e« 


700.79 5.0 10.68.60 104 


766 5 575 383 800.67 6.0 6,0 7.90 


Diet sugar 00 grams ( sein, 400 ec 


856 567 394 41 S9O.0.73 


1038 616 465 43 O50 67 
Diet 100 grams sugar, LOO grams casein 


944 55S 406 45 930.69) 6.7 


970 388) 40 8510.73) 


100 grams sugar, LOO grams 


O) 0.57 


69 


Diet: 100 
butter 


SSO 


1000 
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rABLE 4 
na wlult 

10/17 | 1817) 1367! 588) 779) 57 133:0.74 8,9) 11,0:9.70) 141 

10/17 Diet Bread and milk 

10/19 | Bled 342 ce 

10/21 | Bled 342 ce 

10 /22 576 823) 576, 247 30 7010.95) 3.7) 11.2'9.50) 87 

10/22! Diet: 75 grams cane sugar, 

1029| 707 573323) 

11/5 

11/5 Vitel 

1/12) 6,1, 3.8)7.80) 123) 4.70 

+ 

11 /21 300 ee. water 

1126) SS 5.07.80 121 9.36 

12 /3 824 00) 121/11. 60 

12/3 | Dict; EEE casein, 10 grams lard, 10 grams 

butter 

12/10 S76, O74 GOA) 370. 3S 7. 117 

12/19 S76, 952) 600) 352, 37 14.08.70 10S 

12 /20 P| grams sugar, 125 grams casein, 10 grams lard, 10 grams 
12 /26 1() 9560.61 7.S 9 OS_90 
1/2/18 38 93'0.55; 8,4 7.89.10 

1/9 9? 0 62) 7.4 §.69.30 

/17 3S 50 8.5 

/23 975) 975 614 361 37 DS) 8,7 6.28.90 109 

Blood volume with drv oxalate Hemoglobin by Sahli tubes. 

‘ 


BLOOD REGENERATION FOLLOWING 


OOO ce 


11/20/16 


Metabolism 


Sugar, glycocoll 


Metabolism 


Begin 8/28/18 


sled 929 ce 


Sugar and liver 


residue 


Jeqin S/1S8 
iT 
Bled S51 ce 


Kind 10/24/19 


SIMPLE ANEMIA 
Experimental history Dog 16-158 
Begin 9/26/16 Meat 8.1 
( t regen- 
eratior f H 
nd R.B.¢ 
Begin 2/12/17 Beef heart 1523 147 9.9 | 56 
Bled 726 e« 385 S5 
End 4/11/17 1476 152 
Begin 5/7/17 Sugar, gliadin 1505 146 90 | e 47 : 
Bled 660 ce Metabolism 158 S4 8 4 
End 6/18 /17 156 113 6.2 rag 
Begin 10/17/17 | Sugar ISIS 141 9.7 Table 46 
Bled 684 ce Sugar an 1 casein O76 S7 9.5 
End 12/3/17 825 121 8.0 
Begin 5/3/18 119 11.7 
Bled 698 ce 52S 76 10.9 
End 6/18/18 R52 gg 8 05 \I mum regen- 
eration 56 weeks 
Pe Sugar and gela- 974 82 10.3 
tin 548 9.15 5 bleeding 
End 9/30/18 508 7.45 Maximum regen- 
Begin 2/20/19 a 1862 111 12.35 | Table 67 
Bled 954 17S 70 11.10 bleedings 
End 3/18/19 738 9.15 
| 77 | 12.10 
Spinach 560 77 12.10 y bleeding i 
785 S6 10.50 
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These experiments are not conclusive but give evidence that mod- 
erate amounts of gliadin with sugar alone do not modify profoundly, 
the blood regeneration curve. That gliadin in combination with other 
factors may have a more favorable influence on red cell production 
may be granted. Also under the conditions of the experiment it ap- 
pears that casein has a more favorable influence on blood regeneration 
than gliadin when given with sugar only. 


rABLE 47 
and gliadin. Dog 16-158. 
adult 


HEMATOCRIT 
MILLION 


B 
LOOD PER KILO‘¢ 


OLOR INDEX 


a 
> 


ragmentation of red blood cells. 


] 


d volume with ary oxalate Hemog!l 


erimental history, see table 46—b. 


SUMMARY 


\ diet of dried white bread and skim milk may cause a slow, stead) 
gain in blood pigment volume from week to week. A liberal diet of 
this type sufficient to maintain or increase body weight will often suf- 


fice for complete blood regeneration. A restricted diet of bread 


234 

5/7 1505; 1320 740 114 0.57 10.1 6.6 9.00 146 

Bled 330 

5/9 Bled 330 ce 

15S 705 480 32 65 | 0.64 5.1 10.8 8.40 S4 

9/11 Diet: 50 grams cane sugar, 25 grams dextrose, 25 grams gliadin, 300 ce 
wate! 

9/14 13-4 SO4 547 32 5A 0 6S 10 90 Q& 

5 /21 135; 791) 538 | 253 32 55 | 0.59 7 8.6 7.80. 101 

5/28 996 519) 346 36 62 | 0.56 5.5 98 7.40; 129 

6 4 604 S63 552 311 70. 0.61 5.7 8.4 6.90 122 

6/11 509 706 52S 237 31 70 | 0.61 6.0 9.2 6.60 111 

6/1S 156} 702) 477 | 225 32 65 | 0.53! 6.1! 11.6) 6.20) 113 

obin by Sahli tubes 
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milk barely sufficient for body main WI 
plete blood regeneration following simple secondaar' 

Re peat experiment done after short interval 
plete return to normal condition will s 
part of the hemoglobin, red cells 


shows no increased ability to produce hemoglobin 


; 


I peated experiments nor is there any evidence for 
production under these conditions. 

Bile fistula doas presenting complete exclusion of ole 
the intestine show a reaction which is practically identical 
normal dogs. 

Crackermeal (a mixture of wheat flour, barley flour 
with milk or lard and butter, gives a blood pigment reaction foll 
anemia which is similar to the familiar bread and milk reaction. 

A dietary deficiency disease may develop in these dogs kept on lim 
diets for many weeks. This condition clinically resembles scurvy in 
human beings and may be prevented or cured by antiscorbutic measures. 
This question will be reviewed in a subsequent publication. 

Splenectomy may not modify the expected reaction of red blood cells 
following anemia. In certain splenectomy experiments there develops 
a peculiar condition associated with spontaneous destruction or disin- 
tegration of circulating red cells. This may appear following a limited 
diet of several weeks and runs a very rapid course resulting in death 
within a few days. 

Rice, potatoe s and skim milk make up a diet which may be classed 
with bread and milk as regards its influence upon red blood cell regenera- 
tion following the unit hemorrhages. If anything, this diet is slightly 
more efficient than bread and milk in promoting blood regeneration. 

Casein and gliadin by themselves are not efficient factors in pro- 
moting red cell regeneration but casein appears to be the more efficient 
in the amounts used and under the conditions of these experiments. 

Any one of these diet mixtures in proper amounts may be used to 
maintain the pigment volume at a constant level following the initial 
2 weeks’ blood reaction. Under such conditions any added food factor 
may be measured with some accuracy as to its power of aiding in blood 
regeneration. 
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Cooked meat and liver stand in striking contrast to the milk, bread, 


potato mixtures outlined in the preceding paper of this series. Cooked 


liver, lean beef or beef heart alone or in combination are very efficient 
in bringing about a rapid blood regeneration following the standard 
tvpe of secondary anemia. These substances are very similar but for 
the present we may say their efficiency is in the order given; that is, 
cooked liver is most effective in anemia provided a sufficient amount 
caloric value) is eaten, and cooked beef heart is least effective; but 
the differences are not great and this order may be changed with the 
accumulation of more data. 

These three substances are efficient in stimulating blood regener- 
ation whether given alone or in combination, or together with carbohy- 
drate or mixed diets. They all stand the severe test of promoting defi- 
nite blood regeneration when administered after long limited diet 
periods unfavorable to blood regeneration. 

Meat extract (commercial) has no value in the blood regeneration 
complex. Buta watery liver extract seems to exert a distinct in- 
fluence on the blood regeneration. Liver residue (after the watery 
and alcoholic extraction) alone exerts a definite influence on blood re- 
generation. We do not wish to go into a discussion of this question of 
tissue extracts until we present much more experimental data dealing 


with this and other material of similar nature. 


EXPERIMENTAL OBSERVATIONS 


In gen ral the « xperimental techniq¢ has been detail d in the first 
paper of this series. All meat and liver were cooked thoroughly in 
boiling water before feeding, with the exception of ‘‘meat scraps.’’ 
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The meat scraps were obtained from the 

cluded meats of various kinds cooked in 
amount of fat was of necessity included in 
otherwise noted these diets were completely 
occasional exception noted in the tables the dog 
excellent condition. 


CENT TIMES 
MI 


ol 


SOO 


Experimenta! history 


The first two tables show the characteristic reaction to a diet of meat 
scraps. There is a prompt and rapid regeneration of hemoglobin and 
red cells which brings the hematocrit and pigment volume back to 
practically normal in 3 weeks. This level is sustained for the subse- 
quent 2 weeks. The first experiment table 48) shows a r: f low 
initial level (104 per cent hemoglobin) but a very prompt reaction 
following the anemia. The hemoglobin, red cell hematocrit and pig- 
ment volume return to a level slightly above the original normal level. 


There was a marked gain in weight. 


ANEM 
meat et | 
ingested Wit 
B egeneratior ed? D 
2 [12 1322 L26S 670 591 1.6 104 O71] 7.0 7.4 115 
2/12 Diet: Bread and milk ; 
Bled 317 « 
2/14 Bled 317 « 
2/16 550 714 | | 55 0.7: 7 65.2 10.32 
2 16 Dict « Ked meat scraps 
2/24 713 0 6a & 10.8 11 0 106 
3/1 1046 1236 742 2 | 5s 11 07 
3S 1437 1332 O36 6S 7.49 j ra) 
3/15 l 1378 754 626 154 97 | 0.6 7 7 4 107 
3 /22 1475 1420 704 704 19.5 0.6 0) 10s 
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The second experiment (table 49) required a third bleeding to re- 
duce the red cells to the usual anemia level. The regeneration of the 
red cells is practically complete in 3 weeks, although the previous high 
level of hemoglobin and red cell hematocrit is not reached. This 
level is uniform during the next 2 weeks. In both experiments the 
plasma volume is relatively constant during the entire period of 


observation. 


DEX 
MILLION 


PLASMA VOLI 
BLOOD PER KILOGRAM 


COLOR IN 
WEIGHT 


R. B. 


3 


t per 


1995 | 1705 766 931 | 54.6 117 
Diet: Bread and milk 


Bled 425 
Bled 425 


123 


: 600 grams cooked meat scraps 


1135 | 1480 950 504 | 34.0 17 
1434 | 1525 S57 640 | 42.0 94 
1580 | 1540 798 726 | 47.2 103 
1678 | 1678 S74 796 | 47.4 100 
1787 1728 S3S S64. 50.0 103 


Experimental history, see table 12-b 


Table 50 presents a reaction very much like that noted in the two 


preceding experiments. Fresh lean beef in adequate amounts was fed. 
It was cooked in boiling water. This meat contained very little fat 
and was purchased under the trade name of “chuck.” The dog shows 
a very high level before bleeding and three bleedings did not reduce the 
level to the usual anemia level. This dog had not been used previously 
in anemia experiments. The blood regeneration was rapid in the first 


rABLE 49 
Blood re yeneration wked meat scrap 18-114 Bull mor el female adult 
er cen kom 
- 
2/14 
2/16 S29 | SIS 103 | 32.7[ 6710.98! 3.6 7.8 | 14.30 R6 
16 Bled mam 
208 | Dict 
2 /24 0.SO 1S 10,2 | 14.25) 104 
3/1 0.73 6,4 9,0 | 14.35) 106 
0.68 7.6 8.2 15.15 102 
BIS 0.63 7.9 7.8 15.50 108 
3 /22 0.63 | 8,2 94 / 15.50) 111 
. 
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re was little gain in 


‘count, which shows a remarkable 


fall in the color index \ change to: 


until the third week of mixed diet 


166 


Dis t: 567 grams 


O35 5O0 
1005 1062 DSS 173 


1090 | 1033 582 166 
Diet: Mixed diet 


20 1055 | 1115 | 594 | Sill 


1010 | 1060) 544 516 
19 1425 | 1230 | 550 | 674 | 4 116 


previous anemia experiments on this dog 


Table 51 illustrates a reaction which is in no sense typical, but com- 
plicated by abnormal factors. It is submitted with reservations. This 
dog has been used in a variety of blood regeneration experiments table 
6-b), therefore the type of reaction is well established. But within a 
few weeks following the present experiment the dog died with bilateral 


2 
jump. This cive: nding 
ee, nixed dict shows but litt ng 
B l regene ee Dog 18-24. B 3 
t 
11 14 1560 L300 S14 62.6 120 &7 4 
11/12 | Diet:-Crackermeal and mill 
11/15 Bled 325 ce Slight distress 
11/16 Bled 195 « 
11/18 915 612} 208 12 ri 
11 1S Bled 150 e 
11/20 | 530 | 264!32.7| 58/081! 36) 20.2! 11.85! 4s 
1/20 | oked lean beef 
| | | | | sa | | 
12/4 14.5 103) (O61 S.4 14,9 13.15 
1215 
1? 45.8 | 95 | 0.47 | 10,1 | 25,8 13.50) 
12 13.20 
; 
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heef and gelatin 


mate 


VOLUME 
HEMATOCRIT 


165 
Diet: ¢ , al and milk 


Bled 413 ce 
Bled 413 ¢ 


1000 1256 
Bled 31 cee 


Diet: 6Sl grams cooked lean beef, 20 grams cooked gelatin —100 calories 


per kilo 


916 1065 ) See loot- 
note 


cooked brain, 580 ns le: ef —100 calories per kilo 


112 30.4 9] 0.53 5) 19.012.90 


Diet: Mixed diet 


883/1100) 722 | 366 | 33.3 13 


low 


19} 1162|1263) 720 | 531 12 0) 10,2)18.50 
15) 10501290) 750 530 11.0 ) a 10.6.14.05 


1380/1450 792 | 635 3.8 17.4 14.65 


Poikiloeytosis of red blood cells. 

December 16, 1918: Food not touched. Seems sick. Drank considerable 
this a.m. and immediately afterward vomited it. Temperature, 38.4°C 
men seems distended. Gave 150 grams meat and 50 grams crackermeal. 

December 23, 1918: Left 300 grams food. Very thirsty, vomits water withi: 
minutes after drinking. Temperature, 38.8°C. Inactive, slight gg of 
right hind leg. Put in metabolism cage; 400 ec. water; mixed diet 

December 26, 1918: Animal recovered. Is still thirsty. 
ent death. Stone in kidney. 


Subse qi 


expe rimental history see table 6-b; see autopsy, table 14. 


rABLE 51 
1272 11.0 QS 15.70) 1054 
12 
12/4 
12 6 5O | 394 | 31.3) 79 15.30) 82 
12 /7 
2 
12 
12/23! 9541047 607 | 
note 
12/23) 
82 
Poik 
l 
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renal caleuli. It is therefore ce 
renal disease during this experimer 


periment that the dog 


tin which was not 


ME 
ENT TIMES 


IMENT VOLt 
PER 
BLOOD VOLUMI 


300 ce 
1260 


256 grams cooked beef | 


ories per 


1OS2 1330 S44 
1SO0 L685 S6O SIS 


2270 | 1648 | 747 902 


Diet: Mixed diet 


2040 | 1715 | 785 
762 


15. 1760 1610 


2| 2120 | 1740 | 773 


* Meat cooked, fat 


experimental history 


the beef and gelatin mixture was refused. The beef and bra 
was also eaten poorly, dnd more weight was lost. We ar 
in being able to refer to a fasting experiment on this same 


which shows practically an identical gain during two week 


fost Weight rapidly o1 
exten with relish. Finally the diet é 
S 2 < ~ 
ent per 
12/2/18; 2120 1720 SOS GOT 5? 7 1253 0 56 11.4 ] 14 
12/2) Diet: Crackermeal and mi i 
12 /3 Bled 430 
12/4) Bled 430 
1? 6 1182 SOS 369 79 0.57 6.9 
12/7 | Bled 
12/9| 776 930 323 | 25.6 62 | 0.84 3,7 17,5 | 15.9 uy 
12/9) Diet: cart,* 610 grams cooked bi 
12/16 35.8 81 0.88 1.6 Is 14 
12 /23 112 0.57 1] 
12/30 | | 138 10 
12/30 | 
1/8/19 912 53.2 119 | 0.72 7.0 
1 842 | 52.2 100 O 6S ( 
948 | 54.4 122 | 0.71 S,f 10. 15 111 
15-b 
n mixture 
table 14 
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in table 51. The distaste for the food mixture which was eaten only 
in part we believe is largely responsible for this lack of blood regener- 
ation. We see that the renal disease does not modify the expected 
blood reaction during a fasting period (table 14) and we have no right 
to assume that it might seriously modify the reaction in table 51. 


rABLE 5 


ME 
HEMATOCRIT 
MILLION 


VOLUMI 
BLOOD PER KILOGRAM 


BLOOD VOLUME 
PLASMA VOLI 

R. B. ¢ 

COLOR INDEX 


R. B. 
R. B. ¢ 


er 


1543 , 590 | 946 | 61.38 11.0 14.00 


Diet: Crackermeal and milk 


Bled 386 ee 
Bled 386 ce No distress 


800 | 1020 | 650 | 365 

Bled 200 ec. 

697 | 1026 | 710 | 317 | 30 68 | 0.74 $6) 16.4 | 12 
Diet: 431 grams cooked beef heart*—100 calories per kilo 

1325 1250 | 670 | 574 15.9 106 | 0.79 6,7 6,0 12.55 
1480 1170 > 568 | 601 51.1 126 | 0.64 98 6,7 12 
1642 | 1325 | 637 | 681 | 5 124 | 0.62 | 10,5 2 | 92.3 
Diet: Mixed diet 


1376 | 1188 | 588 | 588 9.5 116 ? 


1287 | 1226 | 642 | 579 y 105 | 1 
1940 | 1462 | 607 | 840 | 57.3 33 | 0 7,0) 1 


3 
3.20 


* Beef heart cooked, fat and connective tissue removed, and ground. 
No previous anemia experiments on this dog. 


Table 52 illustrates an optimum reaction on a diet of beef heart and 
beef liver. Both these substances favor a rapid blood regeneration 
especially when a sufficient amount is eaten. This dog ate the mixture 
with relish and gained over 1 kilo during 3 weeks. There is a truly 


110 
THe 
ll 16 
11 18 
is 
11 20 SO 
11 /20 
11 27 100 
12 
12 11 108 
12/13 
12 /20 50] 
12 j27 93 
1/10 19 
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remarkable gain in red cells, hemoglobin 
ing 2 weeks the regeneration 1s complete : 


+ 


ings) if anything was below the 


experiments have been compl ted 


HS OOS 


796670 32 


action is there fore established. 


] 


re 
regeneration was almost complet 


rex 


With the change to mixed diet we note a 


common whe na sudd n change be made from 


ment 
und th ne ] if ) 
Bl [ é uf D 
12 /2 TSO 352 14 54.4 127 0 53 12.0 ) 
12 /2 Diet: Crackerme nd mult 
12/3 Bled 19) « No d 
12/4 Bled 125 e« No distress 
12 /6 148 491 505 [So 1 
12 /7 Bled 125 
1? /9 542 S60 177 39 ¢ 74 1. 
12/9 Diet: grams beet ht rt ric 
5 | 1) ) 
12 /1¢ 274 5.0 105 ( | 
16 
12/23 | 345 | 51.0| 118 | 0.59) 10,8) 15,2) 5.90) 1 
12 30 968 71132 sh) 
\ + 
12°30 | Diet: Mixed di 
1s 14 855 750 3660 OSU MM) 114 0.71 0) eg; 107 
] QIN 405 400 0 6] O8 7.8 
(22 1020937 476. 4ot 7) 10 0 10 | | 
130. OSTSSS 420 455 2 | 0.7 7,4 
No pre ious ner expel log 
It may be stated « 
| 
nxed 
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very different diet. Under such conditions even when the second diet 
is most favorable we may record a slight fall in red cell hematocrit, 
hemoglobin and pigment volume. This experiment, too, shows a fall 
in the red count. We have no good explanation to offer, but this fact 
is to be considered in the proper interpretation of various tables. 


B 


Cooked beef heart is a food commonly used in experimental labora- 
tories. It is usually assumed that heart muscle as a food is very like 
skeletal muscle, although there may be certain differences as pointed 
out by Mendel and Osborne (1). We have found that it compares 


favorably with skeletal muscle as far as concerns the regeneration of 
red cells and hemoglobin. Whether beef heart is actually identical 
with lean beef in its effect on blood regeneration cannot be stated posi- 


PABLE 3 
> = = REMARKS 
12/14/16 116 6,4. 8.10 
12/14 Diet: Sugar (3 weeks 
1/5/17 625 301 36 56 0.55) 5.1 7 6. 160 
l Dic 100 grams beef heart. 100 grams sugar 
1/1] 13 76 0 5S 6.6 11.8 6.60 
Diet: Lean meat 
/17 563 345 38 15 CQ). 44! 5.] 6.4. 7.60 119 
73S SSS) 478 13 SS | 0.59 7.5 § 00) 105 
4 SSS GaN, 17 0.57) 7.3 7.0! 8.20) 122 
1130) 1202) 553 649 54 O4 0.538 8.8 9S) 9.20) 131 
2 1052, 1052) 526 526 100 8.6 13.4. 9.20) 115 
4 OS) 1220; 549 672 0.56 9.20) 132 
a {1 volume with dry ox t Hemoglobin by Sahli tubes 
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tively as we cannot at this time submit 
controlled experiments. 

Tables 53 and 54 are identical in all 
were used for the first time and we must consi 
which at times may be demonstrated by sue 
heart was eagerly 
although the fir og lost a lit 


generation Was complete 


if 


hemoglobin and pigment volume. Both dogs showed 
when changed to a mixed diet,—a change recorded in 
crit, hemoglobin and red count. There was no changé 
ume to explain this fluctuation and for th present we 
with recording this fact without advancing any conv! 


tion (refer to exper. 52). A similar fall is noted in tabl 


+ 


the change is from a poor diet (bre: and milk 0 


diet (beef heart 


uf { 
rit re }3 
ier 
‘ 
in} weeks as regard 
TABLE 
| 
Begin 9/26/16 lasting 
Bled 600 Sf { 
End 10/11 /16 Siig 
; 
Begin 12 14/16 Sugar. metal 
B 1 ce isn 1208S 132 7 30 { 
End 3/2/17 Sugar, beef heart 12 
Begin 5/7/17 tit 1570 130 10 
B 648 Metal =] 14 74 
6/1117 70. 126 ( 
6/14 Killed— bled 
1 distinet ai ) 
ad cell hemato- 
plasma ol- 
}UST bye content 
neing explana- 
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9 


Table 55 illustrates the reaction on beef heart diet following a 3- 
week period of sugar feeding. After the meat diet is established we 
note a slow but steady gain back to normal in 4 to 5 weeks. We wish 
to emphasize the fact that a period of fasting or sugar feeding makes 
subsequent blood regeneration much more difficult and this is a severe 
test for any food substance. Only meat (including beef heart) and 


PLASMA VOLUM 


Diet 


Bled : 


Bled : 


liver show up to advantage as compared with the mixed diet under 


such conditions. Apparently the fasting or sugar feeding or other 


limited diet causes a draining of the body’s reserve and subsequent 
blood regeneration suffers because of this depletion of reserve o1 
impairment of function. 

Tables 56 and 57 are incomplete in that the amount of beef heart is 


not known but the weights give assurance that a liberal amount of food 


PABLE 5¢ 
1. 
per cent pe 
L525 1451 5H6 61 105 60.63 70) 9 90 147 
2/12 | HM: Bread and 1 
2/14 
2/15 837 "76 16 | 0.70 4.4 S5 
2/15 | Diet: Be heart 
2 28 HO? SSO 1] OS 0 6S 50 xO 
7 S40 LO77 S60 17 1S 78 | 0.56 6.9 19.8 | 9.80 109 
14 OO4 1062 531 531 | 0.57 7.5 14.0 30 114 
» 1235 1272 43 0.60 10.0 9 50 134 
1245 572 671 54 103 | 0.56 86) 9 20 134 
L47S 1542 738 110 Q 58 G4 
K:xperimental history, see table 46-b 
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was consumed. ‘There is only a tri 

week of the experime nt when the blood pict 

It is obvious that the blood regeneration in 
much slower than that recorded in experiment 
weeks elapse before the hemoglobin and 


and 5 TO 7 before the pigimn nt volume 


original level. 


ENT TIMES 
Mr 


VOLUME 
HEMATOCRIT 


VOLUME 


PLASMA VOLI 


1157 16) 


Diet: Bread and milk 


Bled 258 ec. 


| Bled 258 ce 
$44 
Diet: 


SO4 
1030 
1255 
1508S 


6 6 1360 1? O07 


No previous anemia experiments on this dog 


Blood volume with dry oxalaté Hemoglobin by 


Tables 58 and 59 both deal with bile fistula dogs Phe exp 
were performed at the same time under identical conditions 
reaction to the beef heart diet is strikingly uniform 
the autopsy notes that the bile was completely 
testine. A meat diet is not well tolerated by 
over long periods and a loss of weight is usually 
ditions. As a result of this long period of meat 


quent intoxication which re sulted fatally in Spite 


52 
B egeneral eef he D 12. B 
t t tor 
{24 | 1120.78! 7.2 | 10,6 | 9.8 
[117353 
4/26 
4/27 633 ISO 54 10.84 128 
/27 heart 
5/2 SS3 75 10.79 17 1 . 
5/9 QQ? 107 1] \] 0) 67 6.0 
516 1050 567 16 QS Oo SO 6.1 12.0 
5 /23 1172 633 530 107 0.73 7.3 » 
5 30 1147 562 19 114 OSI 7.0 
HO7 112 | 0.64 S.7 68 9.10 
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heart was eaten with relish but the amounts given 


There 
me during each of the first 3 weeks. The level 


23 


933) 476 


aj oj 


SOO L000) 590 


my 150 


Mixed diet 


0.90 


S46 35: 315 37 


34S 


0 


4 


S48) 500 


Death from bile fistula intoxication 


sile pigment daily output per 6 hours before this experiment 


14.0 mgm 


Bile pigment daily output per 6 hours during this experiment 


13.4 mgm 


age 


Blood volume with dry oxalate Hemoglobin by Sahli tubes. 


the third week is almost normal in both dogs and if the 


at the 


HOOPER 


are not 


is a distinct gain in hemoglobin, red cells and pig- 


end of 


No increase 
bile 


pigment 


in 


23 day 


30 day 


experiments 


had been terminated at this point we should of necessity conclude that 


the reaction was similar to that so often observed in the normal dog. 


i 

Phe 
ment volu 

330) 1244) 560 OS4 107 0.74) 7.2 9.10 136 
9 Bled 311 e 
5/30 | Bled 311 ce 
31 1S 3.1 $5.6; 9.10 
» Diet Beef heart 
bo» 37 60 3.8 14.6 8.20 109 
6 15 SOS S445 1S 94 6,0 7.0, 8.40) 109 
622 457 49 | 102 84 8.10) 115 
(29 1] SO 54 6.8; 8.40) 119 
7/6 73mm | 277 | 38 | 89 | 0.78! 5,7 7,0, 8.00; 91 
7/9 Diet: 
7/13 01 20,0; 96 
7/18 | 5,2 19,8) 9.00) 94 
| 
ve) = 
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th week in 
hemogiobin and 


rOrcunately 


stream 


factor. Limited diets as well as splenectomy under certain experi- 


mental conditions seem to be associated with red cells which are prone 
to disintegrate more readily than normal. 

The average daily bile pigment output is given in each table for a 30- 
day period before the experiment and during the anemia regeneration 
diet control] 


period. One dog shows identical figures for the mixed 


l beef heart period. The other dog shows a much higher output 


and 
on the mixed diet than on the beef heart diet. We believe this is to 


he explained by the mixed diet which is made up of meat scraps, bones 
bread, potatoes, table seraps, etc., and is given in moderate excess 
This allows a certain choice on the part of the dog and if the animal 


} familiar reac- 


prefers the carbohydrate fractions we may observe the 


ATION FOLLOW! M 1 244 
volume read cell hemiuat 
Wo ave the dai hile me 
and can sav t! it ther ri? iring 
this wee ( falling hemogtilobu em 
In the curve is due TO ivent destruct 1 i? 3 
been established (2) that a sudden destruction 1 i 
result in a Increased output ¢ 
reaction Is not il aegre quantitati 
have elaimed (3 We have no convincing explanatio 
| ive puali 
pe mental } f Doa 
Pigment 
i 
Begin 12018 16 n ment SO 1) 
Bled 600 SK) bole i 
j 
3/8/17 Bile fistula operation 
Begin 5/28 17 Beef heart 1330 136 9 10 107 Hb 
Bled 622 9.10 
End 7/6/17 649 9] S00 Maximu rege 
Veer 
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tion to carbohydrate feeding in the bile fistula dog, namely, an increase 


in bile pigments. 


Blood egene 


VOLUME = 
»ER CENT TIMES 
BLOOD VOLUME 
VOLUME 
HEMATOCRIT 
MILLION 
KILOGRAM 


VOLUME 


( 


PLASMA VOLUME 
B 


COLOR INDEX 
BLOOD PER 


BLOOD 


R 


15601416 7OS 7OS 
Diet: Mixed diet 


sled 354 ec 


Bled 354 ee. 
$95, 935) 645) 290 
Diet Soiled beef he: 


1030/1213! 752! 461, 5 7 9.0:10.90) 111 
11651265 645) 620 2 10.4.10.90 116 
13851281) 615) 666 52 ) 9.8)10.00 128 
9461186; 700) 484 6, 14,6) 9.80) 121 | Nobile pigment 
INncreas¢ 
1100, 1038) 571) 468 5 15,0:10.00, 103 
11381138) 683 455 5, 14,4) 9.90) 115 
1120, 1288S; 824 464) 36 7 5.5 9,8)10.30) 125 


Diet: Mixed diet 

Death from bile fistula intoxi 
| pigment daily outpu hours before this experiment 
21.8 mgm 


sile pigment daily output per 6 hours during this experiment (30 day 


age 15.2 mgm 
No previous anemia experiments on this dog 


d volume with dry oxalate Hemoglobin by Sahli tubes 


We may recall that the fasting bile fistula dog will react as promptly 
to anemia as the normal dog (table 23) and the bile fistula dog on a 
bread and milk diet also presents a normal blood regeneration curve 


rABLE 59 
lion —beef heart—bile fistula. Dog 17-155. Bul ng le 
{OUND adult 
ARKS 
< 
per er 
5 /28 
5/20) 
5 30 
5 31 53 | 0.63) 4,2 9210.80 S86 
irt 
6S 
615 
6 (22 
7.6 
718 
increase 

‘ i 

Bi 10 day er- 

er- 
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table 32). Jut the meat diet reaction in 
] 


like the reaction of the normal anna 
reaction of the bile fistula dog to 


Hb. PERCENT TIMES 
Vik 
VOLUMI! 

PLASMA VOLUME 
HEMATOC! 


BLOO 
BLOOD 


1090 1001 540 466) 46.1 108 
Diet: Bread and milk 


Bled 250 ce. 


Bled 250 ec. 
$89, 790 586 202 
Bled 200 ce 


630 (1032 770 258 


Diet: 550 grams cooked beef | 


873 910536370 40.6 0 
962, 962.550 407. 42.3 100 0.5 


48.1) 118 
Diet: Mixed diet 


1235,642 580 47.0 105  O.SO 
15 | 1095)1200'670519 43.2. 91 0.75 


| 46.2. 104 0.75 


*Poikiloevtosis of red blood cells 
Beef liver cooked, fat and connective tissue remoy 


No previous anemia experiments on this dog 


diarrhea and loss of weight and activity) and this may explain the 
observations recorded in tables 58 and 59. 

Tables 60 and 61 show the remarkable influence which cooked lives 
exerts upon blood regeneration. As the sole article of food cooked 


liver may not be well tolerated, but in these two experiments the dogs 


MIA 29] 
Bl l regenerat Dog 19-8 Bu ; 

12/3 
12 /4 

1? 62 | 0.63) 4.9 13.8) * Slight 

12/7 

12/9 2.0) | 13.7; 8.65) 119 

2 100 calories per ki 

12 16 5,1 11,4) 8.85! 108 

12 /23 6 8.9 19.2, 9.35) 108 

12/30 9.90, 111 

12 

l 6,1 12,811.40, 105 
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ate all of the liver and gained weight. The remarkable gain in hemo- 
globin, red cells and pigment volume is at once obvious at a glance. 
One experiment (table 61) shows practically complete regeneration in 
2 weeks from the usual anemia level and both dogs are more than 


rABLE 61 


Dog 18-114. 


ME 
HEMATOCRIT 


VOLUME 


VOLUME 
PER CENT TIMES 
D VOLI 


C. MILLION 


BLOO 


Hb 
BLOOD PER KILOGRAM 


BLOOD VOLUME 
PLASMA VOLUME 
COLOR INDEX 


PIGMENT 


1640 | 1411 645 | 763 | 54.0 


Diet: Crackermeal and milk 


Bled 353 ce. 
Bled 353 ec. No distress 


852 1077 695) 372 34.5 


Bled 270 ce No distress 


592 | 1015 | 72 280 | 27.6 


Diet: 750 grams cooked beef live 


1305 | 1290 | 7: 1] 
1730 1480 
11 | 1902 | 1516 | 7 766 | 50.: 


12/13 | Diet: Mixed diet 


12 /20 1479 1333 | 713 yl: ) 11] 6 14.6 
12 /27 1295 | 1276 | 670 | 5s : 101 


1/10/19 | 1625 | 13890 | 668 | 716 | 51.: 117 | 0.68 8.6 12.8 


* Beef liver cooked, fat and connective tissue removed, ground. 


Experimental history, see table 12-b 


back to normal in 3 weeks. We are able to refer to a number of 
other experiments on this dog (table 61, dog 18-114, exper. history table 
12-b) to give a good line on the type normal blood regeneration. 
Table 62 shows another experiment with cooked beef liver but the 
amount of liver fed is much less and the rest of the food calorie value 


Zoe 
ais 116) 0.58 11.3 14.8 | 13.50) 105 
11/16 | 
11/18 rh 
rad) 12.85 S4 
11/18 
11 /20 3,0 
os 14,2 12.50 
1] 101 0.74 6.8 L1.S 13.25 97 
12 117 | 0.76 7.72 | 200 | 13.351 112 
) 125 | 0.82 7,6 13,4 | 13.65 111 
13.75 
14.20 QS 
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is made up by crackermeal 
liver causing a prompt risé 
in 3 weeks, whereas the cr 


least 5 to 6 weeks for complete re 


VOLUME 
ME 
MI 


MILLION 


VOLt 
HEMATOCRI 


BLOOD VOLUME 


GMENT 
PLASMA VOLI 
OLOR INDEX 


BLOOD 


1702) 1120 462 | 650) 58.0 
Diet Crackermeal and milk 


Ble 280 ce No distress 


d 
Bled 280 ec. No distress 


663) 762! 501 
Bled 190 ee 

15S 660 493 173 

Diet: 70 grams cooked beef live 


664, 874) 517 | 267 | 30.3 010.85 
1200 949 466 17S SO: 2 $11.30 
1600) 1096 504 SSS 53.6) 146 211.20 


1700 1089 495 594 


45 156 $11.50 


* Poikilocytosis of red blood cells 


+ Beef liver cooked. fat and connective 
No previous anemia experiments on this 


experiment 


Table 63 is not verv satisfactory but is included because seo 
teresting points may be made. This dog at the beginning of 
periment Was very young, approximately f months. but the date of 
birth was not positively known. The pup had a hemoglobin of 73 per 


cent, which is not unusual in young dogs of this age. The amounts 


1 


bled were less than normal because of this fact, but the total reserve 


~iM I 
ind n We 
rABLE ¢ 
Blood reqgeneratior whermea Dog 
< 
S 9 152 | 0.95) 7.9 6.21028 10 
9 
8/13 
8/15 ‘ 
8/15 
8/17 | 
R/17 
(23 
ys 
9/13 
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was evidently considerable, as indicated by the high figures after the 
bleeding. The voung dog was growing rapidly during the whole period 
of the experiment, a gain of 3 kilos body weight in 6 weeks. The blood 
volume shows a considerable increase during this period, almost 100 


per cent gain. The gain in hemoglobin and hematocrit is steady and 


rABLE 6 


hread Dog Is 


VOLUME 
Mi 


MILLION 


IMENT 


BLOOD PER KILOGRAM 


PLASMA VOLI 


155 20] 
Diet Bread and milk 


Bled 189 ee. 
Bled 90 ec. No distress 


SO5 52 25; 3 17 14,6 7.65 105 


Diet: 200 grams bread, 500 ec. milk, oked beef liver,* ground 
up with bread 
509 740 132 203 | 39 
3 
93S ol4 
SOT 330 10 


Diet: Mixed diet 


1059 | 1009 556 1443 | 43 105 | 0.67 # 11,8 | 10.70 4 


* Beef liver cooked, fat and connective tissue removed, and ground up with 
bread 
I:xperimental history, see table 12-b 


No previous anemia experiments on this dog. 


comes close to the average normal at the end of the experiment, in 
marked contrast to the level at the beginning of the experiment. 

Meat extract (tables 64 and 65) evidently does not add anything to 
a given diet which in itself is especially favorable to blood regeneration. 
We have no evidence to show that meat extract is favorable or unfa- 
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ege n—live Bull mongrel pu female 
/24 

1/27 

4/29 135 
350 

5S 

5.15 

5/29 | 

6 10 


BLOOD REGENERATION FOLLOWIN( 


vorable to blood re construction. Table 
generation which we expect on a cooke 


normal requires but 3 weeks. We note 


fall which often occurs following 


ABLE 64 


ATOCRIT 


HEM 


BLOOD VOLI 


1615 1260 506 746 59.3 


Diet: Crackermeal and milk 


Bled 315 ce No distress 
Bled 315 ce No distress 


5S4 SOS | 550 
Bled 202 ce 
5OS 796 | 56S 294 | 64 0.69 16 


Diet: 450 grams cooked beef liver* and 10 grams Lik 


SOS O17 56D 347 37.9 SS | 0.76 
1100 | 1002 | 555 $58 15.0 10S | 0.66 
1300 1084 560 51S 17.8 120 | 0.60 


Diet: Mixed diet 


954 550 395 41.6 O56 
1010 | 564 cs | 4.2 92 
1122 1060 | 540 5OS 106 O49] 


* Beef liver cooked, fat and connective tissue removy 


Refer to table 62 for previous experiment 


(mixed diet) which, too, is very favorable for blood regeneration and 
maintenance. It is clear that there is no fluctuation in plasma volume 
which would supply an easy explanation for this phenomenon 

Meat extract (table 65) does not modify the reaction which may bi 


expected following a liberal bread and milk diet. The blood picture is 


1 sudden change tf nothe t 
128) 0.76 0.8 | 12.4 
11/16 
11 /1S 
11 /27 1 12 
12/11 
2 11.85 
1/10 19 5.0 13.6 | 12.00 
1, g ind 
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returned almost to normal in 4 weeks after the anemia and there is a 
gain in weight of 1 kilo. A change to a mixed diet gives a favorable 
reaction as Is usual under these circumstances. We may refer also to 


a part of table 66, which gives more data on the influence of bread and 


TABLE 65 


tract—bread and milk. Dog! 


female 


MI 


VOLUME 
MILLION 


HEMATOCRIT 


c 
BLOOD PER KILOGRAM 


BLOOD VOLUME 
PLASMA VOLI 
COLOR INDEX 


R. B. ¢ 


903 962) 459 $6 50.5 


Diet: Bread and milk 


Bled 240 ec. from jugular vein 


Bled 190 ec. from jugular vein 
259 30.0 19 


Bled 110 ec. from jugular vein 


Diet: 200 grams bread, 500 ce. milk, 10 grams Liebig’s beef ext 


717) 956) 591 347 | 36.3) = 7: 0.48 9.60) 99 
882} 1297; 760 | 517 |< ) 3 9.50) 137 
S50) 1035) 594 130 3 51 10.70 


865) G61) 550 103 3 210.85 
Diet Mixed diet 


1207; 1128} 634 | 483 | 42.8) 107 | 0.63 
104 


* Poikilocytosis of red blood cells 


Experimental histor e table 13-b 
milk plus meat extract. The meat extract adds nothing to the reaction 
which is identical with the expected reaction from the bread and milk 
alone. 

Tables 66 and 67 are to be considered together. The experiments 


were done at the same time under identical conditions and the results 


Zuo 
net ent 

94 | 0.65) 7,2 9,8) 9.75 * Slight 
26 
29 0.57) 4.3 10.2. 9.65) S89 Slight 
1/29 | 
| 
= 19 
5 (29 
6 10 8.5 30.0 12.50 
6 1S 


VOLUME 
HEMATOCRIT 


PLASMA VOLUME 


BLOOD VOLUME 


1340. 567 606 


Bread and milk 


No distress 


Distress 
SOO 1QS 24 
100 grams sugar, 10 
519 345 
813) 493 | 312 
666) 730) 420 | 294 
Diet: 200 grams bread, 300 ee. milk 
R24 929° 560 360 
Diet: 200 grams brea 
913° 556 30S 
635} 829) 522 |) 
714) S76 


SOO 


Diet: 200 


772| 942 
842) 961 


SOO GUS 


Diet: Mixed diet 


} 


* Poikilocytosis of red blood cells 


+t Watery liver extract: Beef liver cut up into small cube 


in water over night in ice-chest, boiled in vater, and filters 


centrated to thi k paste. 
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joung adult 
: . 
= 
bE z 
= = : = 
> 
‘ 
2/20 | O51. 4) 113 | 0.79) 7,2 82910 35 114 
2/20 | Diet 
2/21 | Bled 295 cc. 7 
2 /24 96| 2.7 £6 9 50 
4.6 11.0 8.95 
80) 5.7 R OHS 
3/18 
»/ 20 85) 5,2 10.08 40 
4/2 4.6 10.8) 8.75) 104 
1/8 67) 5.7 14.0) 8.73 q 
+/14 731 5.6 | 11.2] 8.751 100 
4 /21 389 87 0.72! 6.0 8 90 110 
/28 SSS | 345 | 36.6) 82 | 0.67 6.1 124°9 55) 99 
5/7 572 100 O73 60 15.410 00 96 
5/12 | 590 397 39.8 8910.72 62) 15.0 9.90) 101 
| filtrate « 
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TABLE 66-3 
fal history Dog 17-15 


BLOOD 
ENERATION 


Blood per 


Lil 
Kilogram 


Begin 9 3.17 Crackermeal, 
Bled 196 ce | ird and gC la- 


End 10 25/17 tin 


Jegin 36/18 Crackermeal, ( Table 7 
Bled 488 ee lard butter 
End 49/18 and Blaud’s 


pills 


Begin 5/20/18 Sugar, metabol- 

Bled 612 ce ism, desiccated 

End 6/18/18 beef heart Oe Maximum regen- 
eration 3 weeks. 
Pigment vol- 


ume 698 ee. 


Begin S 28/18 Hb. and sugar 1366 Table 78 
Bled 710 ce feeding 33 Q 2: 3 bleedings 
End 11 12/18 Hb. intravenous- SS6 Pigment volume 
ly and sugar 805 at end of 
feeding Hb. period 
Hb. intravenous- 
ly and cracker- 
meal + milk 
Crackermeal, 
milk and dried 


veast 


Begin 2/2019 Liver extract, 1340 114 10.35 Table 66 


Bled 590 ce sugar 420 85 9.50 
End 5/12 19 Bread, milk, S90 101 9.90 Pigment volume 
meat extract | 666 ee. at end 
Beef heart, bread of sugar feeding 


and milk 


are very suggestive. Both dogs have been observed in many other 
experiments and their anemia reactions are therefore well known. One 
dog was given the watery extract of beef liver and the other the liver 
residue. Sugar, 100 grams, was added to each feeding and it is clear 
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XE MEN V EIGHT REMARKS 
volume | il 
kgm 
1025 115 8.40 
380 S35 
800 | 102 | 8.70 


cooked bee 


ing adult 


PER CENT TIMES 
VOLUME 
BLOOD VOLUMI 
HEMATOCRIT 


PLASMA VOI 


1375 549 
Diet: Bread and milk 


Bled 344 ec No distress 
Bled 344 ce Dyspne 1: injected 50 ce 


983) 625 393 


211 61  O.85 


Diet: 100 grams sugar, 200 cc. water 
residuet 


692) 867) 531 
876; 900) 517 | 37: $1.5 7 | 0.84 
738} 754) 421 | 329 | 43.7) 98 | 0.83 
200 grams bread, 300 cc. milk 
923) 597 316 
Diet: 200 grams bread, 100 grams crackermea 


748) 944) 600 | 339 | 3: 7 0.61 
685! 966) 616 | 340 | 3: 0.61 


762 96S, 60S 3909 


S40 1072) 640 106 


Diet: 200 grams cooke« ver grams bread 


820) 1027) 629 | 388 | 011 
1155 1155 595 549 17 5 100 ‘ b 1] 


1074, 502 OS 3011 
Die Mixed diet 


* Poikiloevtosis of red blood cells 


+ Liver residue: Residue left after water and alcol 


meat press and ill liquid removed Just before feeding resi« 


and brought to boiling point to remove all traces of alcoho! 
eat full amount of food mixture 


Expe rimental history, see table 46—b 


| 
ou 


Blood regenera é iq 
— 
2 (90 
2/24 S23, 1.02) 4,1 19,611.40  S6 
9/25 | Bled 246 ee 
2 [27 778) $02 8.4111.10; 70 
3/5 6,410.75) SI 
3/12 5.4. 9.95 Op * Poik.- 
3/18 14,4, 9.15) 82 
3/18 
3 /26 6,810.15) 91 
3/26 1. 300 ec. mill 
1/8 5S 10.8 11.10 
4/14 | 36.7) 79 | 0.59) 6,7 7,812.75) 76 
1/2] Q7 7 4 1.20 96 
0: 
5/7 101 
5 /12 
| 
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that both the liver watery extract and liver residue exert a certain in- 
fluence upon the blood regeneration which is much more than can be 
accounted for by the sugar alone. The liver residue has greater in- 
fluence upon the blood. re generation than does the liver waterv ex- 
tract but the difference is not striking. 

Bread and milk feeding for 1 week subsequent to these sugar and liver 
pe riods does not cause much reaction. There is a slight loss in hemo- 
globin and red cell hematocrit in experiment 67 (liver residue 

The next 4 weeks are similar and bread or crackermeal and milk 


are the essential features of the diet. The level of pigment volume, red 


cell hematocrit and hemoglobin is constant There is slight 
the red cell counts. 

We have pointed out the fact that a prolonged diet period unfavor- 
able to hemoglobin regeneration will leave the dog in a condition which 
may be clinically excellent but from the standpoint of formation of 
hemoglobin very unfavorable. These two dogs were still anemic 
although in excellent physical condition and of practically normal 
weight. Under such circumstances we feel that any diet is given its 
most severe test and few diets of limited nature can give a favorable 
reaction as regards blood regeneration. Under ordinary circum- 
stances a diet of beef heart, bread and milk (table 66) is favorable for 
blood regeneration but under this severe test with unfavorable con- 
ditions we note little if any blood regeneration during a period of 3 
weeks, 

(‘ooked beef liver with bread and milk even under these same unfa- 
vorable conditions is able to effect a prompt blood regeneration—con- 
spicuous in red cell hematocrit, red count and hemoglobin. This is 
the severest test of any diet factor in its relation to blood regeneration. 
Also refer to table 22 (same experiment). 


DISCUSSION 


The reader will observe many individual differences in the reactions 
of various dogs to a unit type of secondary anemia. Some of these 
vagaries we are as yet unable to explain but others are now much 
clearer than in the earlier stages of this investigation. We have noted 
that on occasions certain dogs made anemic for the first time presented 
& most unusually rapid regeneration, even on a very limited diet. 
This is not the rule, but is sufficiently common to suggest caution in 
conclusions drawn from such experiments. A repeat experiment will 


give the 
to us, but 


under these conditions whi 


even under most unfavorable 


fact may kee} investigat 


drawn from sin experiment 
show ‘iform reactions whet 
uniform 
long limited 
anemia may preserve the dogs it 
cerns weight, general condition 
ever, May continue to present 
tions many diet mixtures are un: 
tion. Anv diet factors : put to 
administered to dogs under such circun 
‘cept this as the severest test for 
liver gives a very favorable reaction 
even under these severe test conditions 
Following a simple anemia many diet mixtures 
eause a distinct gain in hemoglobin and red cells 
diet period intervenes between the anemia and the exhibition 
test diet we will see a negative reaction. This may be illust 
bread and milk given in lberal amounts sufficient to permit a gain in 
body weight or at least a maintenance of body weight. If the dog is 
bled and at once placed on a bread and milk diet there will usually 
appear a slow steady gain in pigment volume. If the same dog is 


) 


placed on a limited carbohydrate diet for 3 to 4 weeks before being 
changed to a liberal bread and milk diet we will usually observe sub- 
sequently an unchanged level of pigment volume, red cell hematocrit 
and hemoglobin. Under such unfavorable conditions the bread and 
milk diet is unable to give a favorable reaction for the blood regenera- 
tion. In certain experiments the cooked beef heart is also unable to 
modify the curve of blood regeneration under these unfavorable con- 
ditions. Cooked liver is able to induce blood regeneration even under 
the most unfavorable conditions. The same is true for the common 
mixed diet of table scraps. It is important to keep these facts in mind 
when we evaluate the reaction following the administration of a given 
diet factor under different experimental conditions. 
The question at once confronts us: what part of the 


substance Is responsibl for the favorable blood reaction? 


rue mstant re tr 
] + + 
i simple wav out Is te 
First we 
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must investigate the pigment substances present in the meat—for 
example, the hemoglobin and myohematin. Some experiments with 
hemoglobin appear in the next paper of this series, and we hope soon 
to report other experiments dealing with the myohematin pigment. 


SUMMARY 


Cooked lean beef and beef heart are diet factors of importance as 
regards blood regeneration subsequent to simple secondary anemia. 
These food substances alone or in combination with other foods will 
give a rapid blood regeneration after anemia. 

Anemia is produced by bleeding one-fourth of the measured blood 
volume on each of 2 successive days. This anemia will be completely 
repaired within 3 to 4 weeks if the dog is given a liberal diet of meat or 
beef heart. 

Cooked liver is as sufficient as meat and may be even more efficient 


in promoting complete blood regeneration subsequent to a standard 


anemia. Blood regeneration may be completed in 2 to 4 weeks. 
Commercial meat extract is inert and watery liver extract has but 
little influence upon blood regeneration. 
The meat diet reaction in the bile fistula dog is not exactly like the 
reaction of the normal animal. 
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The familiar fact that iron in some form is very frequently given in 
eases of secondary anemia made it imperative to test this drug under 
a variety of experimental conditions. The outstanding fact in our 
experiments is that ron give nas Blaud’s pills has no rn flue nee insecondary 
anemia under the conditions of these experiments. It may be obje cted 
that the Blaud’s pills were not fresh or were not dissolved in the dog’s 
intestinal tract. We obtained these Blaud’s pills from a large whole- 
sale firm in this city and they were soft and easily crushed into a soft 
pasty material. The pills were crushed before being given by mouth. 
Further objections may be made that this drug has no influence on 
the dog but does have potency when administered to human beings 
This of course is not subject to proof, but the claims for the potency of 
iron in conditions of secondary anemia do not stand on firm ground 
We invite attention to the profound influence which is properly attrib- 


uted to diet factors. Those who claim that iron is a potent drug must 


exclude the food factors which are known to be concerned before they 
can prefer too many objections to our negative results. 

The feeding of blood has at times been used in the treatment of 
secondary anemia. We are able to find some experimental evidence 
to support this treatment, but whole red cells or hemoglobin given by 
mouth in the form of a dry powder do not appear to influence pro- 
foundly the blood regeneration curve. Our experiments show that 
hemoglobin does have a distinct influence on blood regeneration but 
not sufficient to warrant its use in uncomplicated secondary anemia 
in view of the favorable reactions due to meat and other diet factors. 

The favorable reaction which seems to accompany administration 
of hemoglobin by injection (intravenous and intraperitoneal) may be 
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of some value in the treatment of certain forms of anemia. It is pos- 
sible that the reaction to this type of injection may differ from that 
associated with a transfusion and in certain diseases this procedure 
hemoblobin injection) may stimulate rather than depress the bone 
marrow. Further experimental work is in progress. 


EXPERIMENTAL OBSERVATIONS 


The same technical procedures are used in these experiments as 
have been described in the first paper of this series. Blaud’s pills 
were given daily. The experimental histories give the complete list 
of anemia experiments on any given dog and are referred to in each 
experiment. The control experiments are frequently given in the other 
papers of this series, but the proper reference is appended to the ex- 
periment dealing with iron or hemoglobin. We hope to report experi- 
ments in the near future dealing with other drugs used in the treat- 
ment of anemia. We expect to test many other pigment substances 
besides hemoglobin as to their influence on blood regeneration. This 
includes animal and vegetable pigments as they occur in various meats, 
fish and vegetables. 

Table 68 represents a long anemia experiment with Blaud’s pills 
which is conclusive in showing the complete failure of this drug (car- 
bonate of iron) to influence blood regeneration under the conditions 
of the experiment. Subsequent experiments will make it clear that 
Blaud’s pills are inert in so far as any influence on this type of anemia 
is concerned. 

The experimental history of this dog (table 18—b) gives the reaction 
of this animal to other diet factors and establishes the type reaction to 
secondary anemia. It is fair to say that this same type of blood re- 
generation would be expected without the influence of Blaud’s pills. 
This dog is more resistant than usual and tolerated this limited diet 
for a long period without any symptoms of dietary deficiency disease. 
The falling hemoglobin, red cell count and weight curves, however, 
may indicate an impending dietary deficiency complex which did not 
develop because of the change to a liberal mixed diet. 

The Blaud’s pills were given daily and crushed before administra- 
tion by mouth. Sufficient bread and skim milk were given to main- 
tain the body weight constant until the last 2 weeks. During the first 
8 weeks the red cell hematocrit is stationary but the hemoglobin rises 


slowly. During this period the red count rises slowly and uniformly 
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ENT TIM 


VOLUME 
VOLUME 
HEMATOCR 


PER 
D VOLI 


iMEN 
BLOOD VOLUME 


Hb 


Diet: Brea 


Bled 244 ex 
244 


5SO $25 


milk and 2 I 


‘ 
‘ 
‘ 


* Marked fragmentation of red blood cells 
Blood volume with dry oxalate. Hemoglobin by 


Experimental history, see table 18-b 


/ eq ‘ B 
¥ = 
= = x = x z 
2 12 | and milk 
2/14 
2/15 | 267 | Ss | 27 O.77) 3,0 6.8: 7.40 SO 
2/15 | Bread, Jad ’s pills daily 
34S SOU 566 243 80 3 0.86) 2.5 1O.S 7.50) 10% 
2/28 | 375 | 694 193 | 201 29 54 | 0.71) 3,8 74 Ww O4 
3/7 393 | 667 | 487 | 180 7 59 | 0.69) 4.3 5,4 30; 91); * t 
3/14 428 | 738 | 524 214 29 oS | 0.66 4,4 11,0 20 104 “i 
3 /21 335 | 697 195 | 202 29 iS | 0.52) 4,6 7.4. 6.80, 1058 
3/28 | 312 | 625 131 194 31 50 | 0.48) 5.2 10.0 7.00 89 . 
382 | 694 1S6 20S 30 55 | 0.48)! 5.7 6.80) 102 
1 11 368 | 6S1 470 | 211 31 54 | 0.46) 5,9 13,6 7.00, 97 
1/18 | 500 | 725 171 | 254 35 69 | 0.51) 6.7 11,2} 7.30; 99; * 
1/25 | 576 | 728 (25S 35 78 | 0.51) 7,7 7.20; 102 
5 /4 560 | 700 155 | 245 35 80 | 0.52! 7,7 S.6 7.00 100 ° 
5/11 | 617 | 771 55 | 316 i] SO | 0.53) 7,6 12.4 7.40) 104 : 
518 | 624 | 762 157 | 305 10 82 | 0.55] 7,4 9.4. 7.20 106 ° 
5/25 | 688 | 819 167 | 352 13 84 | 0.57) 7,3 6,6 7.00 117 - 
6 1 716 | 721 118 | 3058 12 99 | 0.59) 84 6,6, 6.80 106) * 
68 830 | 847 19] 355 $2 98 | 0.64 7.6 5,4) 7.00) 121 
6 15 833 S33 500 353 10) 100 0.66 7.6 5.8) 6.50) 127 . 
6 | 705 | 839 | 520 | 319 3S S4 0.62 6.8 10,0, 6.50, 129 
7/11 177 | 597 | 394 203 34 SO. 60.67 6.0 7.6 6.20) 96 ° 
7/16 456 | 570 | 393 177 31 80 | 0.74) 5.4 6,2} 5.90| 97 . 
Sahli tubes 
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and continues this rise to a figure even above normal. It is noted, 
however, that there was marked fragmentation of the red cells and we 
can searcely account for this great increase in red cells (2,500,000 to 
8,400,000) with the red cell hematocrit showing only a rise from 27 
per cent to 42 per cent, except-on the ground of red cell fragmentation 
or abortive red cell construction. The hemoglobin does not keep pace 


Dog 


R 


KILOGRAM 


BLOOD VOLUME 
BLOOD VOLUME 
ASMA VOLUME 
VOLUME 
HEMATOC 
MILLION 


COLOK INDEX 
BLOOD PER 


1100) 517 5S4 


Diet: Bread and milk 


Bled 275 cece 
Bled 275 ce 


710) 547 | 168 
Bread, milk and 2 Blau 
683 492) 191 

636) 795) 493 | 302 

856, 1006 533 173 

1008) 1039 561 17S 


1041) 1021) 521 | 500 102 
1055; 1014 527 104 


7 ragmentation of red blood cells 
No previous anemia experiments on this dog 


Blood volume with dry oxalate. Hemoglobin by 


with the red count and a fall in the color index from 77 per cent to 46 
per cent is recorded. 
The high water mark for blood regeneration is noted after 33 months 


and the level at this time is far from normal. Subsequently there is 


a loss in red cell hematocrit, red count, hemoglobin and pigment volume. 


We believe this indicated a tendeney toward a dietary deficieneyv dis- 


rABLE 69 
Blood regeneration—bread, milk and Blaud’s pills. Wj 17-193. Bull monare 
emale. young a lult 
& 
REMARKS 
>= 
99 | 0.75) 6,6 15.8 8.40, 131 
| 
4/26 
1/27 17 | 0.87) 2.7 24,0) 8.20) S7 
4/27 d’s pills daily 
5/2 | 0.82) 4.1 94 S.00 SO 
59 RO | 0.75! 5.3 94 8.00 QQ 
> 16 SS | O.76 5.6 6.6, S.00, 102 
» (23 0.69 7.0 7.4; 8.00) 129 
30 0.67 7,6 12,4; 8.20) 124 
66 0.65 8.0 6.2) 7.90) 128 . 


BLOOD REGENERATION FOLLOWING SIMPLI 


ease which would have developed had the bread and 
continued. The plasma volume as usual is constant 
entire experiment with the exception of the last 2 weeks 


The next experiment (table 69) shows a fairly comple 


generation during a period of 5 weeks on a brea 


Blaud’s pills. It is to be observed that no pre 


VOLUME 
HEMATOCRIT 


». PER CENT TIMES 
VOLUME 


PLGMENT 

BLOOD VOLUME 
PLASMA VOLUME 
COLOR INDEX 


BLOOD 


1182} 1055! 538 | 518 19 | 112 


Diet: 279 grams crackermeal, 10 grams la 


Bled 274 
Bled 254 ec 


605 S40) 605 28 72 10.82) 4 


Diet: 142 grams crackermeal, 10 grams | 


milk powder, 2 Blaud’s pills daily 


TOS Q2S) G22 33 2111.20 


SOT 


2 SO2) 545 32 S5 79) 2 10.90 
3) 919) 597 323 35 107 5 "1.610.909 


730) 480 | 27 3 106 7 7 74 9.60 


Dietary deficiency disease. Recovery. 


(Anisoeytosis of red blood cells 
Refer to table 34 for control 


Blood volume with dry oxalate 


ments had been done on this dog and the capacity for blood regen- 
eration may be greater under such circumstances. The reaction is 
not unusual, however, in view of the liberal amounts of bread and 
milk which were sufficient to maintain the body weight. It can- 
not be granted that the Blaud’s pills had any influence upon the blood 


rABLE 7 ‘ 
5 
{ARK# 
r 
3/4 () 10,812.60 S4 
3/0 1.41201 69 *An 
39 1 grams butter, 279 grams 
3/15 71 | 
3/27 Os 73 
13 OS 84] *Ar 
14 wi 7s 
19 
ee Hemoglobin by Sahli tube 
regeneratiol 
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Table 70 is of considerable interest because we are able to refer to a 
control period (table 34) on a similar diet but without the Blaud’s pills. 
If anything the control period shows slightly more blood regeneration 
during the first 5 weeks. The control experiment was of much longer 
duration (12 weeks) without dietary deficiency disease symptoms. 
This may be due to the fact that this control experiment (table 34 

PABLE 7 


rackermeal, lard, butte 


Coach mor qre l, female 


UME 
Mi 


REMARKS 


VOLUME 
HEMATOCRIT 
MILLION 


INDEX 


BLOOD PER KILOGRAM 


BLOOD VOL 
PLASMA VOLI 


R. B.C 
COLOR 
R. B. ¢ 
W EIGHT 


Hb. 


kgm 


1084, 976 | 537 139 t 111 | 0.82! 6 8.4, 9.80) 99 
Diet: 199 grams crackermeal, 10 grams lard, 10 grams butter 


Bled 254 ce. 
Bled 234 ec. 


614) SIS | 597 221 F 75 1.00) 3,7 2 90 
Diet: 201 grams crackermeal, 10 grams ! 10 grams butter, 2 Blaud’s 
pills daily 
756) S69 600 0.99 9 00 Q7 
| 
801} 843 | 531 | 31: 37 95 1.00 8.50); 99 
848) 848 | 517 | 3: 100 O.S9, 5.6 2) §.40) 101 
943} 865 | 519 | 346 109 | 0.88! 6, 8.30 104 
984) 878 | 536 | 34: 3! 112 | 0.85! 6.6 4) 8.30) 106 


* Slight anisocytosis of red blood cells. 


Iixperimental history, see table 66-b. 
Blood volume with dry oxalate. Hemoglobin by Sahli tubes. 


on crackermeal, lard and butter was the first anemia experiment done 
on this animal. 

The control without Blaud’s pills and this experiment (table 70) 
with Blaud’s pills show practically identical anemia figures for red cell 
hematocrit and hemoglobin. The amount of red cell and hemoglobin 
regeneration is practically identical in the 5 weeks in the two experi- 


Blood regeneration and Blaud’s pill Dog 17-15 
x ~ 
= 
s25 
er eT 
3/4 
3/4 
219 
| 
3/15 
(P20 
1/9 


BLOOD REGENERATION 


ments. This again gives evidence 

these controlled conditions of experin 
Table 71 shows a little more blood 

enough to be able to attribute any of the 

The red cell hematocrit reads 39 per cent 


this is not a normal figure. The hemoglobi 


VOLUMI 
PLASMA VOLUME 
HEMATOCRIT 


Diet: Bread a 


Bled 193 ee. 
Bled 193 ec. 


609 157 152 2) > 
and 2 Blaud’s pills 


390 600 390 210 65 
760 S35 151 384 
837 700 $11 379 106 


QO7 906 153 110 


S90 §32 116 116 5 107 
950 S63 140 125 19 110 


No previous anemia exp riments on this dog 


Blood volume with dry oxalate. Hemoglobin by Sahli tubes 


and returns to this level in 4 weeks The tvpe re action of this dog is 


well established by the list of other anemia experime nts given in table 
66—b. 

Table 72 shows a reaction to the first anemia experiment which has 
been noted in other experiments. It is not the rule but is frequent 
enough so that we must always be on our guard in discussing the first 


anemia experiment on any given dog. There may be this remarkabl 


1 
t thy ] 
1 
= 
4 /24 S42 386 0 109 | 0.9] 6.0 19.8 | 8.00 
1/24 | mill 
= 
$/26 | 
| 328 A), 23 76 
1/27 | Diet: B dails 
5/2 0.00 6 76 
5 (23 () 7.3 70) 117 
5/30 0.70 7 11.4 m (KM) 
6/6 0.73 40 11.6 7.70 11” 
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reserve Which enables the dog to give an unusual blood regeneration 
even on a most unfavorable diet. The blood regeneration is complete 


t weeks and thereafter is maintained for the next 3 weeks at 


rABLE 73 
wl milk and Blaud’s pills s ple nectomyy. Dog 17-37 


> 


ull mongrel, female, young adult 


RAM 


Mt 


NT TIMES 


Mt 


REMARKS 


PER Ct 
VO! 
HEMATOCRIT 
MILLION 
ER KILOG 


PLASMA VOL 


SSO 159 341 109 6 9.4.10.60 SO 


Bled 212 ce. and 212 e refer to table S 


Diet: Bread and milk following fasting experiment of 3 weeks’ duration 


772 | 2 | 270 3: 70 66 
802 | 521 2S] O7 
SOS | 517 | 291 

SOS | 517 | 291 

830 | 531 36 


io 5350 228 


754 | 529 | 226 30 
sread, milk and 2 Blaud’s pills daily 


S09 | 517 | 2Ol 36 62) 6,3 10 96 
SSS | 626 | 23 27 79) 3 53 30, 1038 
7OS | 517 | 191 27 79) 3, 1) S4 
TOO | 5? 1 34 : 92 


762 {SO 282 SY) 8d | 0.77] 9] 


are small and much fragmented 
+ Red cells are large and fairly uniform in size. 
Experimental history, see table S—b. 


Blood volume with dry oxalate. Hemoglobin by Sahli tubes 


the normal level. Refer to tables 74 and 75 for meat diet controls 
with no previous bleeding. The fact that the dog was very young (4 
to 5 months) and was without a spleen is thought to be without in- 
fluence on this general reaction noted in other dogs (adult and non- 


3/29 | 

1/93 | 540 5.3 6.90) 112 

130 57S 5.4 11.6 8.20 OS 

5/7 566 19 7,4; 8.40) 96 

5/14 6.0 S.40 OH 

5/21 O56 5.7 5.6) 8.90) 93 

0/28 | 666 |) 6S | 0.68) 5,0 7.0; 8.30) 100 

69 | 0.73) 4.7 5,2) 8.60) 88 

611 14.6 8.60, 8S 

6/11 Diet 

6/18 | 6831 

6/25 | 514 

130 

79 

7/16 | 64S | | 
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splenectomized . We have no reason to suspect 
were concerned in this reaction which has been m 
ments on the same diet without the Blaud’s pills. 

The second splenectomy experiment (table 7: 
reaction with bread and milk alone as well as with bread 
Blaud’s pills. There are peculiar fluctuations durin 


TABLE 74 
Blood ree atior meat and Blaud’s pills. Dog 


YOU 


PER CENT TIMES 
KLLOOD VOLUME 
BLOOD VOLUMI 


PLASMA VOI 


1206 567 640 
Bread and milk 


SOL ee. 
301 ce 


780 600 24 1) 
Meat and 2 Blaud’s pills daily 


SOO 543 264 3: 67 
1064 5S5 170 97 
1256 653 604 102 
1377 O47 730 53 111 
1366 615 752 115 
1314 591 14 115 


No previous anemia experiments on this dog 

Blood volume with dry oxalate Hemoglobin by 
in both these periods and we believe these ups and downs are referable 
to the splenectomy. It is significant that the hemoglobin and red 
cell hematocrit changes are not associated with any constant chang: 
in plasma volume. The red count fluctuates with the pigment curv 
and we must assume periodic constructive or destructive waves in- 


fluencing the red cells in the blood stream. From data already published 
(1) 


dealing with bile excretion in splenectomized dogs with simpli 


Mi 24 
cerrtall we 2 
adult 
| | | 
ut De ent 
4/24 Diet 
‘26 | 
$/26 | Bled 
4 [27 382 0.79 17.6 2 
1/27 Diet: 
5 4 536 | 
5/9 1030 112 
5/16 | 1282 128 
5 /23 1530 142 
530 1571 
66 1510 137 
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anemia we may suspect that blood destruction may be in part respon- 
sible for these irregularities in the level of the curves of pigment volume, 
red cell and hemoglobin values. The color index shows no change. 
There is a note to the effect that the red cells are larger and more uni- 
form in size during the period of iron feeding. A single observation 
of this nature is of interest but does not call for discussion at this time. 


rABLE 75 


VOLUME 
CENT TIMES 
Mt 
HEMATOCRIT 
MILLION 
KILOGRAM 


VOLUMI 


INDEX 


NOD PER 


iMENT 


BLOOD VOLUME 
B 


BLOOD VOLI 


Hb. Per 
COLOR 


PLASMA VOLUME 


PI¢ 


ce cc ce per 


91 91S £50 16S 
Diet: Bread and milk 


Bled 229 ce. 
Bled 229 ce. 


340 679 509 170 25 50 


Diet: Meat and 2 Blaud’s pills daily 


538 803 514 289 

790 GOO 509 100 

924 SSO é 105 

1140 | 1096 jos 538 

907 S63 140 

1080 | 1002 
No previous anemia experiments on this dog. 
Experimental history, see table 38—b 


Blood volume with dry oxalate Hemoglobin bv Sahli tubes. 


The two meat feeding experiments (tables 74 and 75) give the ex- 
pected reaction on this diet. The splenectomy dog reacts the same as 
does the normal dog. Sufficient meat is given to maintain aconstant 
body weight. Both these dogs had not been used previously for anemia 
experiments; refer to table 72 which illustrates the reserve capacity 
sometimes exhibited by such dogs. We have no reason to suppose 
that the Blaud’s pills were in any way concerned in this reaction. 


272 

per cent kgm 

4/24 

4/25 

(26 

4 [27 2.5 17.6 | 8.90 76 

5 0.90 3.7 19.2 | 9.00 S9 

5 0.78 5.6 19.6 | 8.90 102 

5 0.78 6.7 S? | §.90 QS 

5 0.75 | 6,9 12,4 | 8.80 124 

5 0.63 8,3 9.2 | 9.00 O68 

6 0.65 13.8 60 117 
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Hemoglobin ¢ rperiments. Table 
interest and we are able to submit the control 
This same dog a few months previously was m 
upon asugar diet. After a period of 4 weeks the ley 


hemoglobin and red cell hematocrit was practic 


] 
Blood regenera 


CENT TIMES 
1LOOD VOLUME 
VOLUMI 


INDEX 


PLASMA VOLUM 


BLOOD 
COLOR 


1895! 1709) 769 | 940 
Diet: Mixed food 


Bled 427 ec. 
Bled 427 ec. 


594) 914) 640 | 274 3 65 | 0.76 


Diet: 50 grams cane gar, 25 grams gl 
cells 


(979) 676 | 308 31 
676, 1055) 665 | 390 37 
1141) 673 16S 
887) 1137) 603 | 534 17 
11 920; 1180) 672 508 13 
18 | 1085!) 1277) 664 | 612 1S 
* Marked fragmentation of red cells. 
100 ec. water given by stomach tube daily 
Iixperimental history, see table 6-b; see 


Blood volume with drv oxalat Hemoglol 


observed immediately after the bleeding. The total blood regenera- 


tion then in the control experiment was zero. There was a 


gain in the red count. 
Under identical conditions on a sugar cliet plus 10 grams wa 


dried red blood cells we see a very different reaction table 76 


M 24 
i 
PrABLE 
= 
5/7 | 
= | 
| 
| 
5/9 | j 
| 
5/11 22,0/12.20) 
5 11,211.50 S5 
5 16 6.8 LO.SO QS 
5.2 9610.10 113 
6 6.7 96, 9.50 119 
6.6 8.0 8.90) 133 
6 8.5 10.0, S.30 154 . 
ible 16 for control 
he 
re 
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PABLE 


froge? hen oglob 


TOTAL NITROGEN 
24 HOURS URINE 


0 feces 
Solid black stool 
Solid blaek stool 
0 feces 
Slight diarrhea 
Solid feces 
0 feces 
Trace of feces 
Slight diarrhea 
0 feces 

| 0 feces 
0 feces 
0 feces 
Diarrhea 
Diarrhea 
0 feces 

| O feces 

| 0 feces 

| 0 feces 

| 0 feces 
0 feces 

| 0 feces 

| 0 feces 
0 feces 


| 0 feces 


Formed feces 


Soft feces 
Solid feces 
0 feces 
0 feces 
0 feces 

| 0 fee 

| O fece 
0 fece 
0 feces 
Solid feces 


| O feces 


274 
gram pounds 
5/11 3.55 1) 26.4 
5 /12 3.19 95.8 
5/13 361 25.5 
5/14 3.50 386 95.3 
5/16 2.58 35S 24.7 
5/17 390 24.5 
5/18 2.35 1S0 24 4 
5/19 2.30 1033 24.1 
5/20 2.46 $10 24.0 
5 /21 2.46 420 23.8 
5 /22 2.63 1655 23.4 
5 /23 2.41 383 23.4 
5 /24 2.94 100 23.0 
5 /25 2.74 376 22.8 
5/26 2.66 $12 22.6 
5 [27 2.92 395 22.4 
5 /28 2.35 $24 22.2 
5/29 46 370 21.9 
5/30 2.63 410 21.8 
5/31 2.13 510 21.6 
6/1 2.32 105 21.4 
6/2 2.18 105 21.4 
6/3 2.30 $25 21.3 
6/4 | 2.24 126 20.8 
6/5 2.44 m | 
6/6 3.00 117 20.5 
6/7 2.24 373 20.2 
6/8 2.46 410 20.0 
6/9 2.58 119 19.9 
6/10 2.60 $25 19.8 
6/11 2.63 107 19.5 
6/12 | 2 83 105 19.5 
6/13 2.83 379 19.4 
6/14 2.88 190) 19.2 
6/15 3.00 180 18.9 
6/16 3.28 $11 18.6 
6/17 3.42 395 18.4 a 
6/18 3.02 100 18.3 
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initial anemia level in the two experiments is pract 
the body weight, normal initial blood pigment, ete 
which these two experiments differ lies in the 10 
added to the sugar diet. At the end of 4+ weeks the contr 
gain of zero in pigment substance but the red cell feeding giv 
stantial gain of 13 per cent hemoglobin, 17 per cent red cell 
and 300 units pigment volume. There is a gain of 2,400,000 in tl 
cell count. The subsequent 2 weeks show a distinct gain 01 
just noted. This is in notable contrast to the expected 
sugar diet. 
The urinary nitrogen and fluid excretion figures are given 
and show the expected values. During the last week 
ment there is a distinct rise in the nitrogen output. 
look upon this as an early sign of intoxication which if not heeded may 
be followed by severe clinical disturbances and death. This 
promptly recovered when placed on a mixed diet. 


It is to be noted that whole red cells were used in this experimen 


that is, hemoglobin plus red cell stroma. In the following experim 
hemoglobin alone was used. We might point out the difference 
the color index observed in these two conditions but feel that the da 
are not sufficient to establish this very interesting point. We 
gradually collecting data which indicate the conditions most favo 
for stroma production and these exp riments will be presented 
another time. 

The next hemoglobin experiment (table 77) is not very con 
as we do not have a suitable control of the bread and milk fact 
this dog. Moreover this is the first anemia experiment on 
and under such circumstances this reaction is often atypical, 
been noted before. We may say that the blood regeneration due to 
the bread and milk plus hemoglobin might be identical with a reaction 
on bread and milk alone. We cannot point with certainty to any 
difference which can be attributed to the hemoglobin. This experi- 
ment is unlike the others of this group which give positive evidence 
that hemoglobin does influence the curve of blood regeneration 
Finally, we must conclude that this experiment does not give any 
evidence against the value of hemoglobin but it also gives no positive 
support to the other experiments. 

Table 78 presents a long experiment in which hemoglobin is given 
by mouth during one period and by intravenous injection during a 
subsequent period. We feel that there is good evidence that hemo- 
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globin did influence favorably the blood regeneration. The anemia 
level produced by three bleedings was slightly below the average. The 
first period of sugar feeding plus 10 grams of hemoglobin by mouth 
shows a notable gain during 3 weeks. The hemoglobin rises 50 pel 


cent and the pigment volume from 433 to 810. There is a correspond- 


rABLE 77 


loved 


RIT 


VOLUMI 

HEMATOC 

MILLION 
BLOOD PER KILOGRAM 


PLASMA VOLUME 


COLOR INDEX 


R. B. ¢ 
WEIGHT 


Diet: Bread and milk 
188 | 548) 302! 241 


Bled 137 ce 
Bled 137 ce. No distress 


Diet: 125 grams bread (ground and dried), 300 ec. milk, 5 grams hemo- 


globin* 


308 

348 29 | 26.5 | 0.80 
307 : 0.61 
325 1S; 0.60 
266 2 0.66 


* Hemoglobin: Defibrinated blood centrifuged, cells washed twice with N /1 
salt solution, 2 volumes distilled water added, allowed to lake over night centril- 
ugalized, stroma removed, hemoglobin dried and powdered 

No previous anemia experiments on this dog. 


ing rise in the red cell hematocrit and red cell count. On sugar alone 
we recall that the gain in these pigment factors is only trifling, perhaps 


10 per cent in hemoglobin and corresponding amounts in the other 


readings. We must hold the hemoglobin responsible at least for a 


part of this favorable reaction. 


276 
Blood regeneration—powdl hemoglobin and bread and milk Dog 18-124 

c ri per cent per cent kgm c 
5/16 515 273 234 5.5 5.80 89 
5/26 
[27 13.8 89 0.53 S.4 10.4 | 6.10 
5 /28 
5 /29 
5 31 207 398 1.4 12,8 | 5.70 70 
605 370 1S] 48 11.2 | 5.75 S4 
6 14 376 522 5.9 8.6 | 5.35 QS 
6 /21 121 513 6.8 7815.20 99 
6 /26 342 117 6,2 4,2 | 0.20 79 


10D VOI 


PER 


Hl 


Diet: 75 
} 


tomach 


646 


100 grams sugar 


625) 742, 463 | 271 
Diet: 200 grams crackermeal 


662 52) 465 | 280 | 37.2 


S05 S30 502 322 38 8 


Diet: 200 grams crackermeal 


902) 570 | : 3: 6.0 16.0 8.00 
* Poikilocytosis of red blood cells 
+ Blood centrifugalized, washed once with salt s 
tilled water added to washed packed red blood cells Allowed to 
hours. Centrifugalized and stroma removed. Dried and powdered 


t For injection into the vein: With aseptic technique blood is centri 


washed once with salt solution; 20 ec. distilled water add 

packed red blood cells \llowed to stand 4 hours, ar f 10 pere 
solution. Centrifugalize ‘oma removed 

venously daily. 


Experimental 


D ( 

28) 1366 1027) 518 04 19.0 133 100 6.7 14.4 14 *Slig 
8/28: Diet: Cr kerme 

8/29, Bled 257 

8/30 Bled 257 ce 

565! 777) 560 | 215 77.6; 73 

8/31, Bled 194 

133) 731) 544 179 | 24.5) 59 | 0.98) 3,0 13,8) 9.23 *) 

9/10 grams sugar 25 grams dextros 10) gram hemog hy 

tubs 
»/10| 848) 590 | 249 | 29.4 76 | 4,5 94 8.40) 100 *Poil 
Vomited 

9/16) 750) 896) 593 | 294 | 32.8} 84 | 0.82) 5,1 OO 113 
[5 S10 TSS 492 203 102 | 0.86 5.9 6.6 7.25 109 

9/25| Dict: ZZ, 30 cc. hemoglobin intravenously? 

950 84 | 0.70) 6,0 6.2, 6.95) 106 * Poil 

50 500 ce. milk ind her bir ntr er 
10/1) 0.76 5,8 | 13,6 7.55, 100 
10 16 12.8' 7.55) 110 | * Slight 
10 16 500 cc. milk 

history, see table 66-1 
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When the sugar diet is continued but the hemoglobin is given in- 
travenously, we note a fall in hemoglobin and pigment volume but no 
change in the red cell hematocrit, red cell count and plasma volume. 
We have no good explanation to fit these observed facts. 


TABLE 79 


1%. 


Blood rege? ( on oglobin injection intraveno isly. Dog 


emale, young adult 


GRAM 


IEMATOCRIT 
MILLION 


BLOOD VOLUME 


COLOR INDEX 
BLOOD PER KILO 


1914) 1454) 718 | 727 3: 8.7 12.0 16.15 
Diet: Bread and milk 


Bled 364 ce. No distress 
Bled 364 ce. No distress 


749; 1040) 732 | 297 | 28.6 


Bled 260 ce. 
817} 1034) 718 | 311 | 30.1) 79 | 0.95) 4.1 24,615.45) 67 


Diet: Hemoglobin injection intravenously;? 75 grams sugar 
dextrose, 200 ce. water daily by stomach tube 


1080) 710 | 370 | 34.3) 84.) 0.76 5.5 14.8:14.55) 74 


1155, 1100. 647 $42 10.2} 105 | 0.75) 7,0 5,613.75} SO 


Accidental death 
* Poikilocytosis of red blood cells. 

t Hemoglobin: Blood drawn from normal dog with aseptic precautions. Cen- 
trifugalized, washed once with salt solution; 20 ec. distilled water added to 10 
ee. washed, packed red blood cells. Allowed to stand 4 hours, added 2.5 ec. of 
10 per cent salt solution. Centrifugalized and stroma removed. Total amount 
injected intravenously daily. 

Experimental history, see table 15-b; see sugar control, table 15. 


The 2 weeks following on a crackermeal and milk diet plus hemo- 


globin intravenously show a slight gain in pigment substance. Even 


this slight gain may have some significance when we recall that it 
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BLOOD REGENERATION FOLLOWING 


occurred following a long period of limited 
regeneration under such unfavorable circumsts 
becomes increasingly difficult as the limited « 
Table 79 gives an experiment which was 
at the end of 2 weeks by an accident. Wi 
trol reaction on sugar feeding alone (table 


| he ma 


slight gain in hemoglobin, red cel 
during the first week on the sugar diet. 

gain. Compare with this reaction the figures 

gain in the first week which may be compared w 

second week intead of the stationary level in the control show 


+ 


tinct gain in red cells, pigment volume, hemoglobin, « 


that a part of this gain is to be « xplained by the he moglobin injections 

Table 80 illustrates another tvpe of experiment in which the hemo- 
globin injections are given under conditions very unfavorable for blood 
regeneration. There is a 3-week period of sugar feeding during which 
time there is zero gain in pigment substance. There is a slight but 
distinet gain following 5 days of hemoglobin injection and further slight 
gains on a crackermeal and milk diet with daily hemoglobin injections 
Some of the subsequent gains in hemoglobin, red cell hematocrit and 
red cells may be due in part to the hemoglobin injections which in all 
probability cannot be at once utilized. The erackermeal and milk 
alone or with veast can account for very little blood regeneration when 
given subsequent to a long period of sugar feeding. The evidence for 
the favorable influence of hemoglobin injections is not as strong as in 
some of the other experiments which have the complete control periods 


The last hemoglobin experiment (table 81) is to be compared with 


table 76. The hemoglobin in this instance is given intraperitoneally 
so that the absorption might be rapid and the elimination of slight 
amounts through the urine be obviated. The influence of a different 
set of phagocytic cells might well be a factor but the gross results are 
much the same as regards blood regeneration. 

Three weeks of sugar feeding plus hemoglobin injection give an 
amount of blood regeneration which cannot be explained as due to the 
sugar feeding. We note a rise of hemoglobin from 72 to 120 per cent 
and red cell hematocrit from 27 to 45 per cent. The control sugar diet 
figures would show only trifling gains. Subsequent weeks on a cracker- 
meal and milk diet do not show much gain except in the red count. 
The final period of mixed diet as usual brings the dog back to a high 
normal figure. 
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Diet: Bread and milk 


Bled 276 ce. 


Bled 276 ce. 


648 771 243 


524 
Bled 193 ce. 


14S 513 | 177 


696 


>| Diet: 75 grams cane sugar 
table 1S 


tube 


129) 664) 474 | 182 64 
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* Poikiloevtosis of red blood cells. 


Sh 1dow ce 
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ce 


0.65 


0.65 
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INDEX 


COLOR 
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200 grams crackerme: 


SO 


» grams dextrose, 200 ce 


17 
0.66 
0.50 


42 


0.69 


REMARKS 


MILLION 
BLOOD PER KILOGRAM 


WEIGHT 


kgm 


9,610.15 109 


73 |* Poik.+4 


water by stomach 


9.6 7.35) 90 Poik. + 


and 100 grams sugar by stomach 


D,2| 12,4 15, 86 Poik.++7 


*, and 200 crackermeal, 


grams 


* Poik.+4 


* Poik 


6,1) 11,0 
6,1 5,0 


SO 


ection discontinued; 200 grams crackermeal, 500 ec. 


8,4; 8.05) 103 |* Poik.++f 
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Poik.-4 
* Poik.4 
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8.20 
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107 
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97 |* Poik.+4 
105 |Excellent 


condition 


8,0 


Hemoglobin: Blood taken with aseptic precautions, centrifugalized, washed 


once with salt solution; 20 ce. 


red blood cells \llowed to stand } he 


Centrifugalized and stroma 


on 


nouslyv daily 


experimental history table IS 
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b. 


2S0 


removed 


of distilled water added to 10 ec. washed, packed 


idded 2 
Total 


5 ec. of 10 per cent s ult solu- 


amount injected intrave- 


Blood regenerat hemoglobin (ntr wm» can! Dog 16-160. Bull mongrel, female, 
= 
per per ; 
| cond ( 
8/28 | 166 | 1.10| 
8/28 | 
3/29 | 
830 | 
9 /] 31.5) S4 9.55) S81 |* 
03) | (31.4 71 
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iMENT 


Pi 
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Diet: Bread and milk 

Bled 395 ec. No distress 

Bled 395 ce Diet: Crackermeal and milk 
1015, 1142 750 | 387 

Bled 286 cc 

756) 1050) 758 | 281 | 26.8} 72 | 0.97 


Hemoglobin intraperitoneal injection 
grams dextrose, water 
794, 1030, 70S | 310 | 30.1) 77 


1133, 1193 685 130 | 36.0 95 


Diet: 75 


21,415.40 
12,6 14.55 


Hemoglobin? (intraperitoneal injection). Diet: 100 grams 


cc. water 


1670 1385) 755 | 608 | 45.0; 120 | 0.83 


Hemoglobin discontinued. Diet: 200 grams 


kaolin 


1550 1450 > | 566 | 39.2) 107 
1433} 1310) 752 | 545 109 
1253; 1130 658 | 468 111 


1635 1363. 66S 682 120 
1836) 1386. 6S0 | 694 32 | 0.66 10.1 
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veast, kaolin 


1415 1400, 750 | 638 15.4 101 78 
Diet: Mixed diet 


1975) 1555, 710 S29 53.3 6 


* Poikilocytosis of red blood cells 
+ Hemoglobin: 10 ce. sterile, washe 
tilled water. Centrifugalized and stro 


Experimental histo see table 6—b 
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SUMMARY 


Blaud’s pills are inert when added to various diets which do or do 
not favor rapid blood regeneration. We may not assume without posi- 
tive proof that inorganic iron is of value in the treatment of secondary 
anemia. 

Splenectomy may or may not modify this blood regeneration reaction. 


Limited diets following anemia periods associated with splenectomy 
may be the cause of fluctuations in the normal expected curve of blood 


regeneration. 
Hemoglobin (by mouth, intravenously or intraperitoneally) exerts 
a distinctly favorable influence upon subsequent blood regeneration. 
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In a previous communication a method was described by which the 
maximum blood pressure obtainable in the pulmonary arteries could bé 
measured by the increase in intrapulmonic air pressure sufficient to 
prevent the passage of blood through the capillaries of the lungs (1 
The mechanical blocking of the pulmonary circulation produced under 
these conditions was found to cause a maximum pulmonary arterial 
pressure of 85 mm. of mercury and a coincident complete disappear- 
ance of carotid pressure. In the present communication we record 
the results of some experiments to determine the critical point during 
progressive increase of intrapulmonic air pressure at which circulation 
of blood through the coronary arteries of the right ventricle becomes 
impossible because of the maintenance of a level of blood pressure in 
the pulmonary arterial and right cardiac systems equal to or higher 
than that of the general systemic circulation. Distention of the lungs 
to or beyond this critical point is almost immediately fatal and over- 
distention even when not attaining this critical degree also interferes 
with adequate oxygenation and nutrition of the heart. The necessity 
for a balance in favor of the diastolic systemic pressure over the dias- 
tolic right ventricular pressure has a bearing on artificial respiration 
effected by increase in the intrapulmonic air pressure. Loss of this 
balance through over-distention of the lungs may defeat the purpose 
for which artificial respiration is given by causing asphyxiation of the 
heart muscle even while the lungs are being over-ventilated. This 
observation is especially pertinent in the conditions in which, as is 
usually the case when artificial respiration is resorted to, the systemic 
arterial pressure is low and but little further fall is sufficient to reduce 
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it below the level of pressure in the pulmonary 
latter rises during great distention of the lungs while 
arterial pressure falls. 
An endeavor is also made to show that even with the lungs distend 
in lesser degree than the eritical point referred to, death may 


owing to impairment of the coronary circulation of the right vent 


METHOD 


The method employed to increase the pressure of the intrapulmonic 
air has been described in a previous communication (2). The use of 
the plethysmograph referred to facilitates the attainment of the degrees 
of pressure desired and obviates difficulties that would arise from 
forced expiratory efforts of the animals if the usual methods of intra- 
tracheal insufflation were employed. By placing the entire animal 
within the plethysmograph and connecting his trachea to the outside 
air, diminution of the pressure within the plethysmograph produces the 
same effects on the animal's relation to the air within his lungs as would 
result from an equal increase in the intrapulmonie air pressure while 
the exterior of the animal remained under atmopherie pressure. The 
decrease, therefore, in plethysmographic pressures is an exact measure 
of the actual increase of intrapulmonie air pressures and in referring to 
the effects of these pressures the terms are regarded as interchangeable. 

A eorrection must be made in measuring blood pressures which «1 
recorded during diminished plethysmographic pressures. To the blood 
pressures recorded in millimeters of mercury should be added the 
difference, in millimeters of mercury, existing between the atmospheric 
pressure and the pressure within the plethvsmograph. The necessity 
for this correction is made obvious by the fact that with diminished 
plethysmographic pressures the carotid pressure may fall considerably 
below its zero line. 

For recording blood pressures and the pressure within the plethysmo- 


graph mercury manometers were used and the readings in millimeters 


of mercury on the unreduced tracings have been multiple d by 2 when 


used in the subsequent paragraphs. 

To record the pulmonary arterial pressure a branch of the left pul- 
monary artery was used and artificial respiration by intratracheal 
insufflation was performed after opening the chest and continued 
until the animal was placed in the plethysmograph. In the intervals 


MECHANICAL IMPAIRMEN1 
between experiments, artificial respiration 
mical changes in the plethysmographic pressure. 

Recovery after distention of the lungs is rapid 
may be performed on one animal but 
duration of lung distention is of importance. 
recorded in subsequent paragraphs no experiment exceede 
in duration. 


RESULTS OF EXPERIMEN 
typical tracings are repre taken from a series of 
ments performed on 10 dogs, and a curve is plotted to show 
of lung distention on the carotid and pulmonary arterial 
The tracings and the plot are first ce scribed and the results 
coronary circulation are subsequently discussed. 
Figure 1. Synchronous records of the carotid and pul 


arterial pressures are reproduced. The pressure within the plet! 


mograph is also shown. Air was exhausted from the plethy smograpl 


during a period of one minute effecting a gradual fall in the 
plethysmographiec pressure to 83 mm. of mercury below. the 
spheric pressure. On the unreduced tracing from which this figure 
reproduced the maximum fall in carotid pressure was equal to 212: 
of mereury (actually 46 mm. below the carotid zero line), while 


below its zero line). The carotid pressure shows a corrected fall of 


129 mm. (212-83), while the pulmonary pressure when corrected 


fall in pulmonary pressure was equal to 54 mm. of mercury 


+} 


shows actually a rise of 20 mm. of mercury. When corrected, 
minimum carotid and maximum pulmonary pressures are respective! 
$1 (preéxperimental pressure level 170 minus corrected fall 129 
79 (preéxperimental level 50 plus rise resulting from correction 20 
Respiratory waves, following a period of apnoea which was of 18 se 
onds’ duration, are marked in both arterial curves but show only 
slightly in the plethysmographie record, since they were the resul 
spontaneous but ineffectual efforts on the part of the animal. It 
be noted that during the last 14 seconds of the experiment the 
plethysmographie pressure rose slightly and that with this increase i 


pressure there occurred a rise in carotid while the pulmonary pressur 
continued to fall. It will also be noted that as the plethysmographic 


pressure is progressively lowered there is a gradual disappearance of 
pulse pressure in both the arterial curves. With sudden return to 


an almos 


atmospheric pressure within the plethysmograph there is 


Fig.1. Experiment of March 20,1916. Dog6 kilo. Ether. Time in seconds. 


A, Carotid blood pressure recorded by mereury manometer; B, Zero level for 


carotid blood pressure; [.. Left pulm mary bl od pressure recor led by mercury 


manometer; D, Zero level for pulmonary pressure; £, Plethysmographie pressure 


recorded by mercury manometer which is 68 mm. above the time record. 


286 


4 
* 


MECHANICAL IMPAIRMENT OF CORONARY 


synchronous recovery of both arterial pressures 
mental pressure levels. 


Figure 2. Records of carotid and pulmonary arterial pressuré 


are reproduced from three parts of a typical tracing showing the eff 


1 


Fig. 2. Experiment of January 5, 1918. Dog 8.75 kilo. Ether. Time 
seconds. A, Carotid blood pressure recorded by mercury manometer; B, Zero 
level for carotid blood pressure; C, Left pulmonary blood pressure recorded by 
mercury manometer; D, Zero level for pulmonary pressure. This level is 20 
mm. above the time record. 1, 2 and 3 show the progressive effects of increasing 
lung distention. 


of distention of the lungs in varying degree. The experimental pro- 
cedure was varied in the experiment on this animal and the plethysmo- 
graph was not used. The lungs were inflated through the trachea 
which was connected to a reservoir containing air under pressure. The 
degree of pressure employed to distend the lungs is not recorded but 
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ean be estimated from the effeets produced upon the arterial pressures. 
Small caliber merceury manometers were used for recording blood 
pressures. 

In the first of these tracings the lung distention is quite moderate 
and is accompanied by a slight rise in both arterial pressures. The 
systolic pulmonary pressure shows no rise but the mean blood pressure 
is higher due to maintenance of a higher diastolic level. Measure- 
ments of the unreduced tracing show a preéxperimental mean pulmo- 
nary pressure of 14 mm. of mercury which during inflation rises to 20. 

In the second of this series the distention of the lungs Is slightly 
greater and the mean pulmonary pressure rises from a preéxperimental 
level of 16 to 28 mm. of mercury. In this instance the systolie as well 
as the diastolic pressure rises during distention of the lungs, but the 
rise in the systolic is 8 mm. less than the rise in diastolic pressure. 

In the third tracing distention of the lungs is in excess of that in 
either of the previous experiments and a corresponding increase is 
observed in the pulmonary arterial pressure which attains a maximum 
mean pressure of 43 mm. (29 mm. above the preéxperimental level of 
14). Again it is noticeable that the rise in the diastolic exceeds that in 
the systolic pressure. A comparison of the mean pulmonary to the 
mean carotid pressures shows that, at the point of greatest lung disten- 
tion, the pulmonary pressure exceeds that in the carotid artery by 6 
mim. and also that the pulmonary diastolic pressure is slightly in excess 
of that of the carotid. The initial carotid pressure in this animal is 
10 mm. lower than that plotted in figure 3, and as a result of this lower 
preéxperimental level a comparatively small fall in carotid pressure 
is sufficient to make the carotid equal to the pulmonary arterial pressure. 

Figure 3. A curve is plotted from a typical tracing showing simul- 
taneous carotid and pulmonary arterial pressures in millimeters of 
mercury during progressive increase of intrapulmonic air pressure. 
The broken line represents the former and the unbroken line the 
latter. The figures used have been corrected as explained in a pre- 


vious paragraph. The ordinates indicate blood pressures and the ab- 


scissae the pressures in millimeters of mercury employed to distend the 
lungs. 

The carotid pressure, while distention is progressing, shows an 
initial rise of 6 mm. of mercury attained when the excess of air pressure 
within the lungs is equal to 10 mm. of mercury. With increasing 
distention of the lungs the carotid pressure falls progressively, the 


maximum fall being attained with an increase in the intrapulmonic air 
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pressure equal to 80 mm. of mercury, which was the gre 
used. With the exception of the small initial rise ace 
distention of the lungs, the fall in carotid pressure bel 
mental level of 170 mm. progresses uniformly with 
distention until the low level of 36 mm. is 
reached. 

The pulmonary arterial pressure, on the 
contrary, is not noticeably affected by slight 
distention of the lungs, and with increasing 
distention rises continuously until its maximum 
is attained, which occurs when the increase in 
the intrapulmoniec air pressure is equal to 60 
mm. of mereury. Beyond this point the pul- 
monary pressure commences to fall. The 
maximum increase in the pulmonary pressure 
is 40 mm. above the preéxperimental level of 
50 mm. and the relatively high level of 90 mm. 
is attained, 

It will be noted that the pulmonary pressure 
rising from a low level becomes equal to the 
earotid pressure falling from a high level at a 
point where the pressure in the two systems is 

Fig. 3. Plotted « 


equalto85mm. The increase in intrapulmonic 
showing correc ted car 


air pressure sufficient to effect this equality is a poKen 


line 


50 mm. of mercury. With increase in air monary (unbroken line 


pressure in excess of 50 the pulmonary pressure arterial pressures during 

continuing to rise attains a level 46 mm. above Progressive decrease of 
that of the falling carotid pressure. 

An interesting observation is that both the qicate blood pressures. 

fall in carotid and the rise in pulmonary pres- Abscissae indicate de- 


sures are, within a wide range of lung disten- crease of plethysmo- 
graphic pressures in miul- 


intraplethysmographic 


tion, approximately linear functions of the dk 
° imeters of mercury. 
increasing intrapulmonic air pressure. 


DISCUSSION OF RESULTS 


While the pulmonary arterial pressure cannot under usual living con- 
ditions be taken as an index of the right ventricular diastolic pressure, 
yet, under the condition of completely blocked pulmonary capillaries 
the right ventricular pressure must rise pari passu with the rise in 
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pressure in the pulmonary arteries and this rise must be sustained in 


the ventricle even during its diastole. Blood under high pressure is 
trapped between the blocked capillaries at one end of the system and 
the tricuspid valve at the other. When the pressure in the pulmonary 
artery equals the maximum which the right ventricle is capable of 
establishing, subsequent contractions are unable to discharge blood, 
and the ventricle also remains constantly full of blood under a pressure 
equal to that in the pulmonary arteries. Even during diastole no relief 
from this excessive pressure is obtained since the ventricle cannot, 
even though relaxed, increase its capacity for holding blood. It is 
even quite possible that under these conditions the pulmonary semi- 
lunar valves fail to close, since the normal tendency of the blood to 
regurgitate is absent when the ventricle is full of blood at the end of its 
systole. In evidence of the diminished output of blood from the right 
side of the heart when the pulmonary capillaries are mechanically 
blocked by distention of the Jungs, a tracing (fig. 1) is shown in which 
the pulse is obliterated in the record from the pulmonary artery while 
the mean pulmonary pressure rises. Obliteration of the pulse waves 
occurs in the carotid as well as in the pulmonary tracing but in one 
case it is due to insufficient and in the other to excessive pressure. 
When the pulmonary capillaries are completely blocked the pul- 
monary arterial pressure may then be taken as a direct measure of the 
diastolic right ventricular pressure and it may be assumed that with an 
incomplete blocking of the capillaries there exists a rise in the diastolic 
right ventricular pressure corresponding in degree to that maintained 
in the pulmonary arteries. Two of the tracings shown in figure 2 
are evidence of the fact that with moderate distention of the lungs the 
rise in mean pulmonary arterial pressure is due to a rise in diastolic 
rather than in systolic pressure. In the third tracing of this series it 
will be noted that as the pulmonary blood pressure rises the output 
from the ventricle diminishes. That the diminution in ventricular 
discharge is not due to a diminished supply of blood to the auricle and 
ventricle was evidenced by many post-mortem examinations which 
revealed not only a dilated right ventricle but also an engorgement 
limited to the right auricle and adjacent veins in those animals that 
were killed by excessive increase of intrapulmonic pressure. It will be 
noted in figure 3 that after attaining its maximum the pulmonary 
arterial pressure commences to fall. This failure is attributable to 
cardiac failure secondary to impairment of the coronary circulation. 
Marked fall in carotid pressure necessarily affects the coronary circu- 
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lation of the entire heart but when the ngn 
ing its diastole with blood under high press 
circulation through the cardiae muscles is 
ventricle than in other parts of the heart. 
Taking the pulmonary arterial pressure : 
distention of the lungs, reference to figure . 
increase in the pressure of the intrapulmonic an 
monary arterial pressures become equal and 
pressure the pulmonary pressure becomes high 
rotid artery The limit of safety, therefore, 
degree of pressure and death has been found ne 
air pressures of 30 and even less. 
There is no reason to believe that the pulmonary 
are more resistant to occlusion than are thos 
exists much difference in their relative blood pr 
the elastic factor of thoracic expansion is not important sinc 
in the intrapulmonic air pressure acts almost directly on the lung ¢ 


+ “oat 
hererore 


laries independently of lung expansion. The observations, 


made on dogs require little or no modification to become pr rtinent to 


artificial respiration performed on man by any of the methods that 


la 
17 
i} 


increase intrapulmonie air pressure. When the lungs are rhythmica 
distended an important factor of safety is the shortening of the period 
of full inflation to allow the blood pressures to return to normal. 


CONCLUSIONS 


1. When in dogs the lungs are artificially distended by an ine 
in the intrapulmonie air pressure: 

a. The pulmonary arterial pressure becomes equal to that of the 
general systemic arterial pressure when the excess of intrapulmonic 
pressure is equal to 50 mm. of mercury. 

b. With further increase in intrapulmonic pressure the pulmonary 
arterial pressure may exceed that of the general system by as much as 
46 mm. of mercury. 

c. Under both of the above conditions the circulation of 
through the coronary arteries of the right heart is unfay 
influenced. 

d. With the rise in pulmonary arterial pressure there occurs a rise 
in the diastolic right ventricular pressure. When the latter becomes 
equal to or greater than the systemic diastolic pressure, circulation of 
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blood through the coronary vessels of the right ventricle becomes 


impossible. 
2. Estimates of the increase in intrapulmonic air pressure sufficient 


to influence unfavorably the coronary circulation of dogs are appli- 
cable also to man and should be considered in connection with methods 


of artificial respiration. 


We are indebted to Prof. W. Ek. Garrey for helpful suggestions and 
criticisms. 
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INTRODUCTION 


The character of the continuous motor activity of 


filled stomach in the frog has been reported (1). In the present paper 


an attempt is made to determine more specifically the influence of the 
vagi and splanchnic nerves on the behavior of the gastric hunger move- 
ments and the gastric tonus of the empty stomach. 

Much has been written concerning the excitatory and inhibitory in- 
fluences of these extrinsic nerves upon the gastric motility and a rather 
thorough review of the literature covering this phase of the question 
has appeared in a previous paper of this series (1). In addition, the 
distribution and function of the nerves innervating the visceral and 
vascular systems in crocodiles and alligators was worked out by Gas- 
kell (2). He found that stimulation of the peripheral end of either 
vagus above or below the ganglion trunci vagi invariably led to a con- 
traction of the stomach musculature. After section of the cervical 
vagus above the ganglion with subsequent degeneration of its fibers 
stimulation then above the ganglion almost invariably produced no 
effect whatever on the esophagus and stomach, while stimulation below 
the ganglion almost invariably caused marked peristaltic contraction 
Gaskell came to the conclusion that the fibers which innervate the tho- 
racic portion of the esophagus and the stomach and all probability the 
intestines degenerate only inthat portion which is above the ganglion but 
not in that portion below the ganglion and that the nerves for thi 


\ preliminary report of this work was made before the 1917 meeting of the 
American Physiological Society at Minneapolis, a brief abstract of which was 
p iblished in the Proce edings of that Socie ty. 
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upper part of the esophagus and the inhibitory fibers of the heart have 


no connection with the nerve cells of the ganglion trunci vagi, while 
the motor nerves for the rest of the esophagus andthe upper portion of 
the remainder of the alimentary canal are in connection with the cells 
of that ganglion—a connection by which the motor fibers proceeding 
peripherally from the ganglion are prevented from degeneration but 
not the motor fibers which pass to the ganglion. 

Furthermore, the recent observations by Crohn and Wilensky (3) on 
gastric behavior by the balloon method have shown that in atony of 
the stomach the hunger contractions disappear and in advanced cases 
the ‘tonal waves also, while in purely secretory or other functional 


disturbances both kinds of waves persist. 


EXPERIMENTAL PROCEDURE 


The studies in this series of experiments were made upon the large 
bullfrog (Rana catesbiana). All the animals were provided with an arti- 
ficial opening into the posterior part of the mouth or stomostomy and 
the movements of the empty stomach were recorded by the balloon 
method as described in a previous paper (4). A series of normal con- 
tractions of the empty stomach was obtained from each animal which 
extended over a period of several days and then each of these animals 
was operated on a second time. In this second operation, either both 
vagi or both splanchnic nerves, or both the vagi and the splanchnic 
nerves together were sectioned, followed after recovery in each case by 
a series of tracings from the empty stomach. The animals were an- 
esthetized. Aseptic precautions as far as possible were at first fol- 
lowed but later this was found to be unnecessary as no infection 
developed in any of the animals when such procedure was not followed. 
The vagi were sectioned in the region of the neck. Two oblique inci- 
sions were made through the skin on either side of the median line, 
ventral, about 1 em. distant and close to the anterior tips of the shoul- 
ders as represented by a line drawn from this point laterally 1 em. to 
1} em. in length to a point slightly posterior and just internal to the 
articulation of the superior and inferior maxillary bones on either side. 
These two incisions exposed the cervical fascia on either side at its at- 
tachment along the anterior scapulo-clavicular borders. Here there 
are few blood vessels and if the fascia is carefully separated no hemor- 
rhage results. As soon as this region is passed the fascial separation 
becomes very easy until the thin sheet of prevertebral fascia is reached 
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which is about on a line of the transverse processes passing 
downward and inward from the base of the skull and extending 

thorax. This latter sheet of fascial membrane is now pl re 

exposes the levator anguli scapulae muscle, over the anterior border of 
which courses the vagus nerve and the internal jugular (Vena jug 
and musculo-cutaneous (Vena musculo-cutanea) veins. The incisior 
is held open by the spring of a small pair of forceps (preferably curved 
points) and then by means of a small pair of mouse-toothed forceps the 
nerve is carefully separated from the adjoining veins to which it is 
bound by connective tissue. This is best accomplished by freeing thi 
nerve either between the two veins mentioned or just lateral to the in- 
ternal jugular vein at the anterior border of the levator anguli scapulae 
where it crosses and sectioning the nerve just below the origin of thy 
recurrent laryngeal branch. Section of the nerves at this point destroys 
not only the gastric branches to the stomach but also the pulmonary 
and cardiac branches destined for the lungs and heart. Attempts were 
made at first to section only the gastric branches but as these branches 
were so small and so deeply embedded in the tissues it was found to by 
practically impossible with recovery of the animals. In fact, the tech- 
nic as used required several months’ experience before it became per- 
fected and only then did it become an efficient procedure which, if 
properly handled, may be called a bloodless method. Both vagi wer 
always sectioned at one operation and the skin incisions were closed 
with five sutures. 

The splanchnic nerves were sectioned in the region of the coehae 
plexus after laparotomy. An incision was made through the skin 
the rectus abdominis muscle and the aponeuroses of the external and in- 
ternal oblique muscles 23 to 3 em. in length extending from the lowe: 
extremity of the sternum (xiphisternum) caudalward and about 2 em 
to the left of the linea alba, in order to avoid the anterior abdominal 


vein (Vena abdominalis) which courses forwards along the mid-lme of 


the ventral body wall until opposite the liver. The stomach is with- 


drawn through this opening and a larger pair of nerves, one on either 
side, is found coursing along with the right and left svstemice arches 
These are the third spinal nerves carrving fibers for the stomach, but 
according to Steinach and Wiener (5), Dixon (6) and others, the 
ach also receives fibers from the fourth and fifth spinal nerves 
Waters (7) in addition includes the sixth 

Fibers from these nerves arising from both sides of the be« 


to form the coeline plexus situated on the cor hiaco-n esentcri 


RICAN JOURNAL OF PHYSIOLOGY, VOL. 5 


296 T. L. PATTERSON 


(Ateria intestinalis communis) a few millimeters from its origin from the 
left systemic arch. From this plexus arise the nerves destined for the 
stomach, pancreas and duodenum. The branches for the stomach are 
inbedded in the mesenteric membrane and follow closely the course of 
the arterial supply of this organ. They may be best seen by raising the 
stomach and allowing the light to illuminate the mesentery when they 
may be picked up with mouse-toothed forceps. If they are cut close 
to the plexus there are usually not more than two branches. Experi- 
ence has shown that it is advisable to introduce into the stomach 5 or 
6 cc. of water previous to the operation as it tends to fill and round out 
the stomach, thus making it easier to locate the plexus and the nerves. 
The technic for this operation like that for double vagotomy in the frog 
is very delicate, but with sufficient patience and experience it may be 
developed to such a point as to be conducted without hemorrhage, and 
like the former may be considered a bloodless method. The splanch- 
netomized stomach is pushed back into place, the muscular incision is 
closed with nine to ten sutures and the skin incision with the same num- 
ber. The animals after double vagotomy or splanchnetomy are usu- 
ally sufficiently recovered on the third day following the operation to 
be used for experimental tests with fairly marked gastric activity, 
while after a double operation consisting of the two above they are 
usually not ready for use until the fourth day following the operation. 
In the decerebration experiments the balloon was not removed from the 
stomach and the gastric contractions started again after a short period 
of inhibition. All the tracings were recorded on a slowly moving drum 
making a revolution in fifty to sixty minutes. 


THE INFLUENCE ON THE GASTRIC HUNGER MOVEMENTS OF PARTIAL AND 
COMPLETE ISOLATION OF THE STOMACH FROM THE CENTRAL 
NERVOUS SYSTEM 


A complete knowledge of the mechanism of the gastric movements 
is still uncertain. The gastric activity is regulated not only by the vagi 
and the splanchnic nerves of the sympathetic system, but also by the 


automatically acting plexi of Auerbach and Meissner. The most direct 
and desirable method of attack on this problem is the section of the 
extrinsic nerves to the stomach, although this operation abolishes not 


only all direct influences from the brain of a motor or inhibitory type, 
but also the central reflexes (motor or inhibitory) that may be called 
into action through the sensory nerves in the stomach. 
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The influence of these nerves on the activity of the 
studied by a number of investigators, prominent 
been Cannon (8) and Carlson (9). Cannon’s observa 
tric movements of digestion in cats have shown that 
leads to a temporary loss of tonus and a slowing and we 
peristalsis, which in respect to rate is practically restored in a 
He infers as does Kelling (10) that their function is solely to make the 
gastric muscles exert a tension (tonic state) and the result of this cond 


tion is peristalsis. Furthermore, section of the splanchnic nerves does 


not affect the movements of digestion, while the combined vagi and 
splanchnic section leaves the digestive movements of the stomach prac- 
tically normal even shortly after the operation. 

Carlson, on the other hand, has shown that section of the vagi in 
dogs leaves the empty stomach on the whole permanently hypotonic, 
at least for a period up to three months after the operation. Section of 
the splanchnic nerves increases the gastric tonus and augments the gas- 
tric hunger contractions, while the section of both the vagi and the 
splanchnics leads to a permanent hypotonus of the stomach, except 
under conditions of prolonged fasting. These discrepancies between 
the results of the two investigators are probably accounted for, in that 
the tonus of the vagus plays a greater réle in the movements of the 
empty than in the movements of the filled stomach, or else the nerves 
vary in different species of animals. 

1. The effect of complete section of the splanchnic nerves. Complete 
section of the splanchnic nerves on both sides in the region of the coeliac 


plexus was made on twelve frogs and after recovery from the operation 


records of the movements of the empty stomach were continued from two 
to three weeks and compared with those from the normal stomach of 
the same animal. 

When a comparative study of the records of these animals is made as 
a whole it is evident that the complete section of the splanchnic nerves 
with the vagi intact in frogs increases markedly the gastric tonus and 
augments the movements of the empty stomach (fig. 1, AandB). The 
recorded contractions are small, rapid and irregular in form, and repre- 
sent virtually an incomplete or hunger tetanus of the stomach. In 
other words, the stomach on the whole becomes strongly hypertonic 
and more active through the destruction of the inhibitory fibers via 
splanchnic nerves to the stomach, which permits the motor fibers of 
the vagi to exert their full influence on the gastric motor mechanism, 
thus leading to a high degree of gastric tonus much above the normal. 
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This particular state of excessive tonus is evidenced not only by the 
balloon in the stomach cavity but more especially by the marked con- 
traction of the esophagus and stomach as is exhibited many times by 
the extreme difficulty to introduce the balloon through the esophagus 
into the stomach. This hypertonic condition of the frog’s stomach 


which always appears after complete section of the splanchnic nerves is 
evidently more marked than Carlson (9) found it to be in dogs after 
splanchnic section. Furthermore, this condition as it exists in frogs 


after this tvpe of nerve section corresponds apparently to certain clinical 


Fig. 1. Records from the empty stomach of the frog. A, normal frog after 
six days’ fast; B, the same animal ten days after section of both splanchnic nerves 
and twenty days’ fast At x, intreduction of 5 ee. of 0.5 per cent solution of 
hydrochloric acid directly into the stomach. Showing incomple te tetanus and 
only slight inhibition of the hunger contractions by acid in the stomach after 
section of the splanchnie nerves. x’ = termination of the acid injection. 


conditions as reported by kK ppinger and Hess (11) under the term of 
vagotonia. According to these observers the antagonistic influences 
between the gastric branches of the vagi and the spanchnie nerves play 
a very important réle in not only moderating the physiological impulses 
which might reach a very marked intensity, but in addition they pre- 
vent acute transitions from rest to excitation or vice versa. This means 
that if it were not for the above under certain conditions small stimuli 


might cause large reactions either phy siological or pathological. Now, 


! 
A x 
B 


if we assume that somewhere in the 


common centel which controls the 


systems, as Su ested by these investis 


oo 


is center Increases and decreases { 


] 
erstand how very ak and even 


such a center when in a state of increased irritabilit 


gastric hypertonus through the fibers of the vagi. Thi 


not proven, but we do know that in the condition of vagotonia there is 
functional increase of tone via vagi to the stomach and this increase « 

netion doubtless permits the stimuli to act more readily than if 1 
eversed condition existed. Furthermore, the observations of Crolu 
ind Wilensky (3) have shown that the hunger contractions in w 
marked cases of vagotonia exhibit an extreme degree of Vv ariability, 1 
contractions following one another in rapid succession and without 
pause for comparatively long periods of time. The clinical findings of 
these observers are apparently in accord with the results on frogs aft 
splanchnic section. 

The inhibition of the movements of the empty stomach of the 
<planchnetomized animal when acid is introduced into the stomach cav- 
itv is much less complete than in frogs with all the extrinsic gastriv 
nerves intact (fig. 1, A and B). In fact, the contractions do not ceas 
at all and the only effect produced is a very slight decrease in the height 
of the contractions during the introduction of the acid followed by a few 
contractions of a slightly longer duration and usually a slight increase 11 
the gastric tonus. This diminution of the inhibition following stimula- 
tion of the gastric mucosa by acids after complete section of thesplanc! 
nic nerves is confirmatory with the findings of Carlson (12) on dogs 

2 The eft ct of section of hoth vag? nerves. Section of both vago-svin 
pathetic nerves in the neck was made on eleven frogs and after recover 
from the operation records of the movements of the empty stomacl 
were continued from two to three weeks and compared with those 
from the normal stomach of the same animal. 

When all the records are compared from these animals the results 
are confirmatory in showing that the contractions of the empty stomach 
are only slightly changed in rate and regularity. The contractions when 
viewed as a whole resemble those from the normal stomach with the 
exception that they usually appear to be of a slightly slower rate, weake1 
and more irregular (fig. 2, A and B). However, there is a tendency 
for the contractions to increase in strength or rather amplitude up 
to the amplitude of the normal contractions and some of the individual 


I I 
tray tery 
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contractions may even exceed the normal. This is evidently produced 
through a lowered tone in the gastric motor mechanism, whereby the 
contractions start rather suddenly and without any marked preliminary 
increase in tonus and because of this condition the air is more completely 
forced out of the balloon, thus resulting in the greater contraction. In 


Fig. 2. Records from the empty stomach of the frog. A, normal frog after 
three days’ fast; B, the same animal nine days after section of both vagi and 
sixteen days’ fast. At x introduction of 5 ec. of 0.5 per cent solution of hydro- 
chlorie acid directly into the stomach. Showing slightly more complete inhibi- 
tion of the hunger contractions by acid in the stomach after section of the vagi 


nerves. 


the empty stomach of the normal animal as determined by the balloon 
method, there are practically no tonus changes, or at least they are so 
slight in degree as to be almost a negligible factor. In working with 


these animals, extending over a period of five years, I have never ob- 
served in the normal animal an increase in gastric tone exceeding a cen- 


x 
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timeter as determined by the manometric pressure. This n 
increase I have observed not more than three or four times in my 
during this time and is therefore rare. When tonus changes arr 
served they usually do not exceed a quarter of a centimeter (2 to 3 mm. 
but the more common thing in the frog is to have the tonus remain con- 
stant hour after hour. 

Section of both vagi with the splanchnies intact leads to a svmpatheti- 
cotonic condition of the stomach. This means that the stomach on the 
whole becomes hypotonic through the destruction of the vagal fibers 
that maintain the gastric tonus, which permits the inhibitory fibers of 
the splanchnics to exert a greater influence on the gastric motor mech- 
anism, thus leading to a general diminution in the gastric tonus. How- 
ever, there was a tendency in some of the animals, at least, to show a 
gradual improvement in the efficiency of the local tonus mechanism as 
time went on after the operation, which indicates that the hypotonic 
condition of the stomach may be only temporary in the frog and not 


permanent as reported by Carlson (9) in dogs, but corresponding to the 


observations of Cannon (8) in cats for the movements of digestion. 
This phase of the question will be discussed in a separate paper. Fur- 
thermore, the gastric tonus on the whole is much lower than normal] 
as determined not only by the balloon in the gastric cavity, but also by 
the ease with which the balloon may be introduced through the esoph- 
agus into the stomach and inflated. 

When acids are introduced directly into the empty stomach of the 
vagotomized animal gastric inhibition is exhibited similar to that pro- 
duced in the normal animal with the exception, on the whole, that it 
appears to be quicker and more marked than in the normal animal (fig. 
2,A and 8B). This is exactly contradictory to Carlson’s results on dogs 
(9), yet he states that this was what he expected to find, namely—an 
augmentation of the inhibition through the splanchnics after section of 
the vagi. 

3. The effect of complete section of the vagi and splanchnic nerves. 
Combined splanchnic and vagi sections were made on ten frogs and af- 
ter recovery from the operation records of the gastric movements were 
continued from two to three weeks and compared with those from the 
normal stomach of the same animal. Both sets of nerves were sec- 
tioned at the same operation. 

After this complete isolation of the frog’s stomach from the central 
nervous system the movements of the empty stomach are much the 
same as when the vagi alone are severed. The contractions show a 
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tendency to approach or even in some cases to exceed the norma! 
while at times they may even be identical in rate and character with 
those of the intact stomach, but on the whole they are of a slightly 
slower rate and more irregular. The stomach passes into a hypotonic 
condition similar to that after section of the vagi, and therefore the 
slight changes in the movements of the empty stomach after isolation 
from the central nervous system must be due primarily to the persistent 
hypotonus. These results are in general confirmatory with those of 


(‘annon (8) on cats and Carlson (9) on dogs. 


The inhibition of the movements of the empty stomach by acid stim- 


ulation of the gastric mucosa persists after complete isolation of the 
stomach from the central nervous system, 

_B but the inhibition like that found by 

Carlson (12) in dogs is diminished in in- 

tensity and duration. There is a gradual 

and slow diminution, both in the rate and 

amplitude of the hunger contractions but 

= P as a rule this does not produce complete 

inhibition in the frog. The inhibition is 

big. 3 Splanchnet omized therefore primarily a local reflex deter- 
stomach superimposed upon the mined by the local gastric mechanism 
getomized st mach from two rather than by the character of the central 
ys of equal size, weight and . . 
innervation or the central inhibition. 

stomach. B, vagotomized stom- since the type ol gastric activity alte! 
ich. E, esophagus. P, pyloric complete isolation of the stomach from 
portion of stomach. Note the the central nervous system does exhibit 
hypertonic condition of stomach 


1. 


the typical movements of the empty 
stomach, the primary stimulus to these 
contractions is not to be sought in the extrinsic nerves. The extrinsic 
nerves (vagi and splanchnics) must therefore be considered under norma! 
conditions to play the important réle of modifying or regulating a 
primary automatic mechanism in the stomach wall. 

t. Extirpation of stomachs after section of vagi and splanchnic nerves. 
Karly in the course of the investigation it was observed that the stom- 
achs of splanchnetomized and vagotomized animals exhibited rather 
wide variations in size, depending on whether the vagi or the splanch- 
nie nerves had been previously severed. This phase of the problem was 
investigated on ten splanchnetomized and ten vagotomized animals and 
the stomachs were removed from three toten days after the operation, 
directly after the killing of the animals and while the hearts were still 


Laat leetior 1 
Heating, ¢ 


frogs of equal size weight ind \ 

are conclusive In showing that the same 

vagl and splanchnic nerves exert separately nthe gast 
may be shown whi the lan ‘he tomized stomaet 


upon the vagotomized stomach from two frogs of equal 
latter or larger stomach represents the atonic and the forme! 


thie hypertonic, while the normal stomach takes an in 


tion between the two (fig. 3). It may be said, therefore 


ciprocal or contrary innervation of Meltzer which may 

tagonistic tonus, may be physiological as long as it serves the purp 
of the organ in question in a beneficial manner. It is pathologic 
secon as the tonus of one or the other is so exaggerated that the com1 
welfare of the organ is In danger, and that is exactly what | ipper 


the splanchnetomized frog’s stomach where the hyp rtonus of thie 


leads to a state of over-excitability, or to the Eppinger-Hess condit 


of vagotonia. 


PSYCHIC OR REFLEX INHIBITION OF THE GASTRIC HUNGER MOVEME? 


It was suggested to me by Doctor Rogers early in the course of 
] 


investigation that it might be well to study certain cerebral proces 


in relation to the reflex effects on gastric activity. Previous wor! 


other animals has demonstrated that anything which interests, anno 


frightens or angers, leads to a temporary inhibition of the gastric hung 


contractions probably via splanchnics. Furthermore, the sight 
smell of food in the dog, at least, leads to this same temporary inl 
tion if not too often repeated. In order to test further the very 
portant reflex control of the gastric hunger mechanism, as well as of 
nervous foci in the medulla, mid-brain and cerebrum concerned it 
conduction of sensory and motor hunger impulses, the effects of so 
and light stimuli were made use of in the following experiments. 
observations were made on six frogs which were later decerebrated 
the observations repeated. In the case of the sound stimuli, whis 
of different pitches were sounded for periods of from ten to twent) 


i 


it 


ane 


onds but these caused only very slight gastric inhibition which was of 


short duration and after two or three repetitions it invariably be« 
ineffective, thus defeating the object of the experiment. Even the fi 


ill 


of a glass rod on the table containing the animal was fully as ineffective 


in producing inhibition although a second factor must have been intro- 


(;AS 
a 
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duced, that of vibration. All of these stimuli were of minimal or very 
moderate intensity and evidently not of sufficient strength to produce 
an effective and constant reflex, or else the central nervous mechanism 
for this reflex is at a low degree of development. 


Fig. 4. Records from the empty stomach of frogs. A, frog nine days after 
section of both vagi with splanchnics intact; B, frog eight days after section of 
both splanchnic nerves with vagi intact; C, frog nine days after section of the 
vagiand splanchnic nerves. xz to, light and darkness shadow test showing tem- 
porary inhibition in A; very slight inhibition in B; and total absence of psychic 
or reflex inhibition in C, in case of the stomach isolated from the central nervous 


system. 


The light stimulus, on the other hand, proved to be more effective. 


The room was darkened by drawing the shades and while the normal 


hunger contractions were being recorded the animal was carefully un- 
covered and the bottom of the window shade directly opposite drawn 


A 
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back and forth}quietly and at a moderate rate, thus casting ligh 


dark shadows upon the animal. This invariably produced tempor 
inhibition of the movements of the empty stomach and there seem 
to be no diminution in the degree of the inhibition after repeated trials. 
After removal of the cerebral hemispheres there was total absence of 
the reflex inhibition and the contractions went on uninterrupted. It 
would appear that the central nervous mechanism for this reflex was 
more highly developed than that for sound. In other words, from the 
animal’s standpoint it may be considered an important defensive reflex 
to warn it of its avian enemies as they soar through the air, thus anxiety 
and fear leading to the characteristic temporary inhibition of the gastric 
hunger movements. 

When the light and darkness shadow test was applied to an animal 
after complete section of the vagi with the splanchnics intact it invari- 
ably led to a temporary inhibition of the gastric hunger movements 
via splanchnic nerves (fig. 4, A). If the same test was applied to an 
animal after complete section of the splanchnic nerves with the vagi 
intact it invariably led to only a very slight inhibition of the gastric hun- 
ger movements, as represented by a slight and transitory weakening of 
the contractions (fig. 4, B). This slight degree of inhibition usually 
in evidence after section of the splanchnic nerves is probably due to the 
action of the few inhibitory fibers in the intact vagi or to some central 
inhibition of vagus tonus. In the case of the stomach completely iso- 
lated from the central nervous system (vagi and splanchnic nerves cut) 
there is total absence of any psychic or reflex inhibition since the effer- 
ent nerve pathways to the stomach have been broken by the sectioning 
of all the extrinsic nerves (fig. 4, C). 


CONCLUSIONS 


1. Complete isolation of the frog’s stomach from the central nervous 
system leads to hypotonus of the stomach with about the normal type 
of gastric hunger contractions. This is in confirmation with the work 
of Carlson on dogs. The automaticity of the gastric mechanism is in- 
dependent of the extrinsic nerves but these nerves play an important 
role in modifying or regulating the automatic mechanism in the stomach 
wall. 

2. Partial isolation of the stomach from the central nervous system 
interrupts the normal antagonistic balance between the vagi and splanch- 
nic systems which may lead to pathological reactions such as vagotonia 
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after complete section of the splanchnic nerves. The stomach in this 
condition becomes strongly hypertonic while after complete section of 
the vagi with the splanchnics intact the stomach passes into a hypo- 
tonic condition. 

3. The aeid inhibition of the movements of the empty stomach by 
stimulation of the gastric mucosa persists after complete isolation of 
the stomach from the central nervous system, but the inhibition is 
diminished in intensity and duration. When the splanchnics alone 
are sectioned the inhibition is even less marked, but after section of the 
vagi with the splanchnics intact there is, on the whole, a slight aug- 
ment&tion in the inhibition via these nerves. This latter statement is 
contradictory to the findings of Carlson on dogs, while the other facts 
above are in accord. 

t. The light and darkness shadow test invariably produces psychic or 
reflex inhibition of the gastric hunger movements in the normal animal. 
\fter decerebration or after complete isolation of the stomach from the 
central nervous system there is total absence of the light reflex on the 
gastric mechanism. When the vagi alone are sectioned temporary 
inhibition is the result, while after section of the splanchnics with the 
vagi intact there is only very slight inhibition produced. 
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The studies of Cannon (1) and his co-workers on the effects of the 
major emotions on the physiological activities of the vegetative nervous 
system have established and clarified certain fundamental phenomena 
of general biological importance that are wide-reaching in their 
application. 

While the primary consequences of emotional stimulation have | 
extensively studied, the secondary involvements such as might 
evidenced in the variability of the intermediary metabolism have 
to be studied. The emotional ignition of the vegetative neural com- 
plexes can hardly be supposed to be limited to a cireumseribed reaction 
but must indeed reverberate throughout the organism as a whole. 

It is obvious that it is possible to divide mankind into two main 
groups according to temperament or relative emotional stability, be- 
tween the extremes of which there may exist all gradations of suscepti- 
bility to emotional excitation. There are those who are relativels 
emotionally stable, who pursue the even tenor of their way apparently 
and actually undisturbed by the surrounding daily happenings. And 
there are those whose temperaments are of the hair-trigger type, whos« 
emotions are always on tap and who respond to the slightest stimulus 
with a magnitude of reaction all out of proportion to the value of the 
stimulus received. Whatever the causes of these differences of susce ))- 
tibility and response as e@\ idenced in the differences of emotional stabil 
ity, the results on the recipient and effector organism must of neces 


sity be widely different. That these responses primarily involve 


vegetative nervous system has been definitely cle monstrated. 
they secondarily involve the intermediary metabolism should 
expected since the processes of digestion secretion absorption 
tion and excretion are all directly or indireetly bound up 
directing or controlling influence of this part of the nervous svst 
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During the past vear opportunity was afforded the writer to study 
the chemical composition of the blood of emotionally stable and un- 
stable insane and normal persons. The classification of the emotional 
status of the individuals presented in this study was arrived at by 
consultation with the physicians in actual contact with the patients 
and by personal observation over considerable periods of time. The 
analyses of the bloods were carried out as reported in a previous com- 
munication (2) and for the series under discussion here were made at 
weekly intervals on the seventeen subjects reported. The duration of 
the periods of observation varied from three to six weeks. 


TABLE 1 


The coe flic tent of variability of the blood constituents and the total metabolic 
variability of the subjects studied 


CREATI- AMINO TOTAL 
VARIA- 
BILITY 


129.87 
125.10 
121.99 
113 
106.3 
106.3: 


) 23.4 9S 


90 
52 
69 
25 
18.05 
11.98 
11.76 
1.43 


5.95 


98 
97 
92 


S4 


83 
SO 


78 


Ww bo 
INOW os 


95 
5.02 
11.00 77 


2.19 9.3: 76.: 


As a basis of correlation between the emotional and metabolic stabil- 
ity, the coefficient of variability (3) for each blood constituent deter- 
mined for each individual was calculated and the sum of these coeffi- 
cients was taken as the total variability of the intermediary metabolism 
of the person in question. Table 1 gives these figures for each con- 
stituent determined in each subject. The subjects are arranged in the 
order of their decreasing variability. 

An inspection of the table shows that while the differences in vari- 
ability of one individual from the next is small, there is a very evident 


N 

I 7.21 | 12.81 | 14.15 5.68 | 12.54 | 14.13 7.72 | 47.78 7.85 

2 5.07 8.09 | 11.23 6.56 | 11.15 | 16.07 | 32.23 | 19.19 | 15.51 

3 | 11.40 6.84 | 13.11 8.66 | 21.60 7.44 | 16.23 | 24.07 | 12.21 

4 | 11.32 | 10.73 | 22.30 5 89 6.56 | 15.77 | 16.17 | 18.02 6 72 

5 | 11.70 8.19 8.67 3.93 6.96 | 26.70 1.21 | 28.13 7.89 

6 8.35 7.71 14.10 $ SI 14.82 | 13.69 | 10.80 | 23.42 8.63 

2.58 | 12.86 | 7 
9 9 64 11 38 6.57 6.26 | 13.47 | 1 18 rt 
10 3.63 6.22 5.83 | 11.80; 1 87 | 
11 9.38 8.87 1.33 5.54 | 13.38 9S 
12 1.08 2.19 4 31 90 7.81 75 m@ 16 
13 3.56 8.78 1 S81 64 9 33 S6 87 
14 10.10 5.22 2:77 80 30 
15 9.18 6.96 6.52 28 90 
16 8.73 4.18 12.61 2.74 71 
1735) 4.98) 409 10.06 | 


EMOTIONAL AND METABOLIC STABILITY 

marked difference between those of highest and of 
instability, and this marked difference is correlated with a mark 
difference in emotional reactivity if we consider the subjects seriatim 
from the psychological point of view. 

Number 1 is a male nurse of the small nervous type, easily 
minor occurrences and with a continual attitude of worry. 
is a female patient, who although being completely oriented, varies in 
her emotionalism from deep depression with decreased psycho-motor 
activity to a wild hilarity and excitement. Number 3 is a male patient, 
restless, talkative, active and excitable, showing much exhilaration and 
flightiness. Number 4 is a male patient classed as an agitated depres- 
sive and who has firmly fixed somatic and autopsychic delu 
Number 5 is a male nurse, irritable, suspicious and touchy, possessi 
neither decision nor attention. Number 6, the last of those showing a 
total variability of over 100. is also a male patient, restless, irritable 
and excitable, showing considerable emotional elation. The next two 
members of the series are also of the emotionally unstable tvpe, number 
8 being a female patient showing considerable perturbation and violence 
accompanied by motor activity, screaming, laughing and _ hallucina- 
tions, while number 9 is a male presenting a history of hypersensitive- 
ness, and who becomes apprehensive under examination, is easily 
depressed and worries, although at other times he is more cheerful. 
All these individuals so far described, then, can be validly considered 
as persons of varying emotionalism and of obvious emotional instability. 
They are also individuals whose metabolic variability is of a relatively 
high grade, as can be seen from the table. Turning now to the 
remainder of the subjects the next on the list, no. 10, shows a meta- 
bolic variability that is practically the same as found in the latter 
members of the preceding group. Yet his emotional status to all 
appearances is one of relative stability as far as can be determined. 
He is pleasant and agreeable and inclined to be seclusive. He is quiet 


and not irritable. An inspection of the figures obtained for the meta- 


bolic stability from now on shows not only gradually decreasing values 
but also values definitely and markedly lower, as a group, from those 
preceding. Number 11, a male patient, is quiet and sits as though in 
deep thought. He is of rather an even temperament, occasionally 
becomes angry, but is usually able to control himself. Number 12 is a 
male patient, quiet, maintaining a given posture for some length of 
time, sits rigidly in a chair and stares vacantly into space. He is 
indifferent toward his surroundings. Number 13 is a female patient 
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who is emotionally apathetic and indifferent. Number 14, a male 
patient, is at times excitable but is only apparently superficially dis- 
turbed since he eats regularly and well. Number 15, a male patient, 
was in a catatonic stupor throughout the period of observation and 
obviously was not emotionally variable, to any determinable extent. 
Number 16, another male patient, is never excited but is always indif- 
ferent, apathetic and seclusive. Number 17, the last of the series, is a 
male nurse, the emotional antithesis of number 1. He is phlegmatic 
and inexcitable, paying no attention to the ordinary little vicissitudes 
of life. 

From the psychological point of view it is evident that these latter 
individuals present the appearance of being relatively emotionally 
stable. As a group they are generally inexcitable and are not roused 
to demonstrable emotional reactions by circumstances which act as 
stimuli causing the marked response of the first group of high metabolic 
variability. 

This relation between a relatively high metabolic stability and a 
low grade of emotional reaction, and between a relatively low meta- 
bolie stability and a condition of temperamental excitability is by no 
means claimed to be exact or quantitative. Nevertheless the data 
seem to indicate such a tendency. 

The logical conclusion to be drawn from this comparison is that 
larger variations in intermediary metabolism are prone to accompany 


conditions of ready emotional response of a marked nature to disturb- 


ing stimulation, and that on the other hand the variability of the 
intermediary metabolism in individuals who are less susceptible is 
liable to be relatively low. 

A broader application of the tendency here demonstrated can be 
made if for a moment one compares the physical condition of the 
so-called emotional type of individual with his more phlegmatic and 
less responsive emotional opposite. The former usually presents a 
picture of deficient nutrition, the latter is in most cases well supplied 
with the anabolic products of metabolism. The metabolism of the 
one by its wide variability gives indications of the possibility of there 
being at one time an overtaxing of the organism, and at another time 
of the organism lacking a sufficient energy supply. The other type is 
relatively more metabolically uniform. His metabolism consists of a 
balanced give and take, in which no undue strain is put on the eata- 
bolic processes nor is there a lack of sufficient material to supply the 
anabolic needs. The results of these processes are shown in the end 
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RESPONSE OF THE ISOLATED INTESTINAL SEGMENT 
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The usual response of the isolated duodenal segment from the albino 
rat intestine is that of shortening or contraction when stimulated by the 
application of weak solutions of sodium carbonate. Occasionally how- 
ever segments are encountered that exhibit irregularities In the type 
of response. One may fail to react to the stimulating substance, an- 
other may answer by a preliminary slight contraction which is followed 
hy a relaxation below the original tone level from where the response 
was elicited, while a third may undergo a prompt and decided relaxa- 
tion. This last is the irregularity most frequently encountered. 

This oceasional inconstaney in reaction of segments from apparently, 
normal animals which showed itself at times as a complete reversal 
of the type of response demanded investigation because it was neces- 
sary for our purposes to have rats on hand the Intestinal segments of 
which could be relied upon to give uniform and consistent reactions to 
stimulation by weak sodium carbonate solutions. 

The inconstant responses could not be attributed to variations in the 
technique of preparation of the segments nor to the carrying out of the 
tests since this was always uniform. The control of the rats up to the 
time of killing with respect to age, sex, health, heredity and diet was 
also in the hands of the authors and consequently these factors were 
regulated. The preliminary observations which gave satisfactory 
results had been made on rats which had been for some time in the lab- 


oratory cages. Trregularities first began to appear when animals were 


used before they had become accustomed to the laboratory cages. 
Donaldson (1) having reported that the domesticated albino rat is 

extremely sensitive to changes in environment, we began to think that 

possibly the change from the colony house to the laboratory had in- 
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INTESTINAL RESPONSE 


duced an excitement causing the variations. 

was the cause of the irregularities was consideral 

segment taken from a rat which had resisted capture 
quite agitated gave a marked relaxation on stimulation by 
The test of this hypothesis Was easy. 

The method of procedure for the preparation of the 
testing was as follows. The rat was first put under light ether anest hes 
and then killed by crushing the cord in the cervical region. Thi 
denal portion of the intestinal tract was then removed without stre 
ing, and cleaned of mesenteric fat. A segment about 1.5 em. in lengt 
was cut from the gastric end of the duodenum and suspended 
threads in a glass cell containing 4 cc. of Tyrode’s solution kept 
hody temperature and through which oxygen was continually passing 
(ne end of the segment was attached by athread to asupport within the 
cell and the other end was connected with a light lever writing on a 
slowly moving drum. Rhythmical contractions immediately appeared 
and were recorded for one revolution of the drum (about 10 minutes 
by which time the tone level had become uniform and consistently 
parallel with the base line. 

With segments prepared in this way the addition of 0.25 or 0.50 ce. 
of an M10 solution of sodium carbonate to the Tyrode’s solution in 
the cell usually caused a shortening of the segment with a consequent 
rise of the curve of rhythmical contractions as is shown in the tracings 
It was possible to obtain this tvpe of reaction from one and the same 
segment for several successive applications of the carbonate. After each 
application the cell and segment were thoroughly washed with oxy- 
genated Tyrode’s solution kept at body temperature. After washing 
the segment as a rule came back to the original tone level within one 
revolution of the drum and was then ready for another test. The tests 
as presented in figures 1 to 5 were obtained in this manner. 

In order to determine whether the excitement of the rat brought 


about either by change of environment or by other means was a facto 


in causing the irregularities previously described, a number of mal 
rats of the same age and on the same diet were brought to the laboratory 
cages and allowed to become accustomed to the new environment dur- 
ing three or four days. When a segment from one of the lot was pre- 
pared as usual and tracings of the effect of the sodium carbonate stimu- 
lation recorded the normal reaction was invariably obtained. When 
others of the same lot were annoyed by various methods just before 
killing and similar tracings made the irregularity of reaction occurred 
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INTESTINAL RESPONSE TO SODIUM 


in practically every case and usually took the form of a reversal of 
tvpe of response as shown in figure 1. Occasionally however an ani 
was found which did not appear to be susceptible to the prelimina 
excitation. Such an one is shown in figure 2, rat C. Nevertheless the 
relative frequency of the irregularity was such as to establish the hy- 


+ 


pothesis that excitement is one of the factors causing variation in tly 


response of the isolated intestinal segment to sodium carbonate stimu- 
lation. In this connection it should be noted that although relaxa- 
tion occurs in the segments from excited animals, this type of response 
gives way to the normal type after several applications of the sodium 
carbonate. 

The results described in the preceding paragraphs were obtained from 
rats close to one hundred days old. Desirous of not limiting our ma- 
terial to animals of this age, we attempted to continue the observations 
on rats one hundred and fifty days old. Here it was found that while 
evidences of irregularities were present in rhythm, amplitude and base 
line level, the type of response was usually a normal contraction. When 
we used a series of rats some two hundred days old it was found that 
these older animals were quite insuscept ible to the effects of the pre- 
liminary excitation as indicated by the response of the duodenal seg- 
ment to carbonate stimulation. This is plainly shown in figure 3. 
There were no exceptions. It is accordingly evident that the disturb- 
ing effect of excitement is modified by age and that immaturity is one 
of the factors causing susceptibility to excitement with resulting irregu- 
larities of response. 

The exclusive use of male rats has certain obvious disadvantages 
With this point in mind several series of tests were made using as con- 
trols undisturbed males and comparing with them females of like age 
and conditions of environment and diet. It was found that when fe- 
male rats were used the response of the segment to the sodium carbon- 
ate stimulation was normal if the animals were not menstruating. 
When menstruating, however, as evidenced by congestion of the uterus, 
variability of response was uniformly obtained and of the same type as 
that given by segments from the young disturbed male rats. This is 
shown in figure 4. Hence menstruation is a factor preventing the uni- 
form response to carbonate stimulation and the test demonstrates 
that female rats during sexual activity are not suitable material for 
general use. 

The observations up to this point contribute further support to Can- 
non’s (2) theory of the influence of emotional reactions on the vegetative 
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». Disturbed normal male rat 
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Undisturbed normal female rat in heat. 
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svstem. They also bear out with more exactness the observ: 
by Alvarez (3) that the intestine of younger animals 
experiments) tends to be more unstable than does that of the older. 

It seemed desirable to determine the immediate cause of thess 
nomena. In view of Cannon’s (2) studies, the conception of an endo 
crine origin of the differences has a certain plausibility. Against th 
notion is our observation that we were unable to obtain any but 
normal response to carbonate stimulation from the segment from the 
normal animal after application in vitro of extracts of the homologous 
adrenals, hypophysis or thyroid. The dependence of the normal mode 
of movement of the intestine on the integrity of Auerbach’s plexus as 
demonstrated by Magnus (4) and the hypothesis that emotional dis- 
turbances spread to the vegetative system, in part at least, through the 
splanchnics, led us to study the effect of stimulating the superior splanch- 
nic. The rats used were all males of the same age and living in the 
same conditions. The tracings obtained are given in figure 5. The 
tracing A was made by the isolated segment of an undisurbed rat when 
stimulated by M 10 sodium carbonate. It is normal. The tracing B 
was made by the segment from a rat that had been annoyed and shows 
the characteristic effect of excitement on the response. Tracing © 
was made bt the segment from an undisturbed rat which had been opened 
immediately after killing and the splanchnic nerve electrically stimu- 
lated before removal of the segment. It is quite evident that in this 


case the preliminary splanchnic excitation has induced changes in the 


intestine of a nature that has caused the segment to respond as do seg- 
ments obtained from young emotionally excited males. Splanchnic 
irritation is therefore a fourth factor in causing irregularity in response 
to sodium carbonate stimulation. The unusual height to which the 
curve rises is noteworthy although no explanation can be offered for 
the intense response after the preliminary relaxations. This relaxa- 
tion on the application of the sodium carbonate solution to the duodenal! 
segment isolated after splanchnic stimulation is similar in type to the 
relaxation of the intestinal segment of the intact animal after splanch- 
nic stimulation alone, as obtained by Bayliss and Starling (5), and is 
very suggestive. 

Of the four factors so far investigated it seems as if the last revealed 
the path for the expression of the other three. There is at present no 
reason to suppose that the splanchnic stimulation could so affect thi 
adrenals as to cause a secondary reaction through the mediation of 
adrenalin on the intestinal segment since there was no vascular circula- 
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tion at the time stimulation began. And further 
that adrenalin did not modify the response to sodium carbonat: 
sequently we are inclined to the opinion that the irregularit 


sponse observed are due to disturbances of the intestinal plexu 


SUMMARY 


These experiments demonstrate that the normal response of 
lated duodenal segment of the albino rat to sodium carbonate stin 
tion is one of shortening or contraction but that certain factors 
modify the type of response. 

These irregularities of response of the segments from young, health 
male rats are due to a condition of excitement induced in the anima 
change of environment or rough handling just before its use for experi- 
mental purposes. 

The susceptibility of the intestinal segment to such external disturl- 
ances is modified by age in that material from rats of two hundred da 
fails to show the irregularities after excitation. 

Female rats are not suitable subjects for general studies of this nature 
inasmuch as the act of menstruation sets up such changes in the intes- 
tinal segment as to cause it to respond in a manner analogous to the 
segment from young excited male rats. 

The electrical stimulation of the splanchnic nerve of a normal undis- 
turbed male rat before the removal of the segment results in the produc- 
tion of a similar type of response to carbonate stimulation as is that 
obtained from the segment of the excited rat of the same age. This 
inclines us toward the hypothesis that the irregularities of response 
here observed are due to disturbances of the intestinal plexus. 


CONCLUSION 


It is possible to obtain an intestinal segment which will give a uni- 
form and consistent response to sodium carbonate stimulation. The 


gastric end of a duodenal segment satisfies these requirements when 
taken from healthy male adult albino rats eighty to two hundred days 
old some fifteen hours after the last feeding and in which no emotional 
disturbance has been induced by recent changes of environment or 
rough handling. Excitement, age, menstruation and electric stimula- 
tion of the splanchnic nerves are factors tending to cause changes in 
the type of response of the segment to sodium carbonate. 
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Water plays such a large part in the physical regulation of funda- 
mental physiological processes as well as in the chemical transforma- 
tions in the body, that the lack of suitable amounts or the abnormal 


distribution of fluid in the body may be correlated with distinctly path- 


ological conditions. Volume changes in the body take place only 
through the movement of water. 

The various types of edema illustrate what may happen when there 
is an abnormal distribution of water in the body. Besides the edema 
associated with cardiac and renal diseases we may add another type 
known as nutritional edema. The etiology of neither of these eondi- 
tions is clear. 

There are also conditions in which water is lost from the body to 
such an extent that desiccation takes place and the blood becomes ex- 
ceedingly concentrated. Such a condition prevails in Asiatic cholera 
in fatal cases of which Rogers (1) has reported a serum loss of 62 pet 
cent. Intravenous injection of isotonic saline solution in such cases is 
at once followed by diarrhea with the resulting loss of all the added 
water. In war gas poisoning Underhill (2) has described the marked 
loss of water from the blood and the movement of water into the lungs. 

The mechanism of the loss of heat from the body is largely plivsical 
in character. Balear, Sansum and Woodyatt (3) have reported experi- 
ments in which they were able to produce fever at will by intravenous 


injections of hypertonic glucose solutions provided diuresis ensued. 


Temperatures of 109°,111° and 126° were thus obtained in dogs. “These 


authors have suggested that in the body the water may be 


“free” or ‘‘combined.”” The ‘free’ water is available for evaporation 


1 The data in this paper are taken from a dissertation presented by Arthur H 
Smith for the degree of Doctor of Philosophy, Yale University, 1920 
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with the consequent heat loss while the water combined with the col- 
loids of the body is not available for heat regulation. Any condition 
which increases the “combined” water or decreases the ‘‘free’’ water 
leads to a rise in temperature due to the absence of proper heat loss. 
Lussky and Friedstein (4) reported that in cases of pneumonia ending 
in crisis in infants, there was a decrease in body weight with crisis due 
to loss of water. 

The large amount of water in the cell may aid considerably in main- 
taining the optimum temperature of the cell, for water has a high specific 
heat. The large percentage of water in tissues in which oxidation is 
most intense, may be correlated with this unique property of acting as 
a heat buffer. 

Aaother evidence of water movement in the body has recently been 
reported by Weed and McKibben (5). They found that the brain in- 
creased in volume after injection of hypotonic salt solutions or distilled 
water and decreased in volume after hypertonic solutions—these 
changes being independent of vascular changes and of the cerebro- 
spinal fluid pressure. The remarkable clinical study of Cushing (6) on 
the alteration of brain volume after administration of hypertonic salt 
solution per os indicates that the brain is peculiarly sensitive to the 
movement of water in the tissues. 

The question naturally arises as to the physical character of water 
in the body. By drying blood one finds that it contains nearly 81 per 
cent of water. But is this water in the form with which we are familiar? 
In health some of this water is in such a form that it can be given off as 
vapor in the lungs and can be appropriated by the sweat glands and 
given off as water. When one considers, however, that in the blood and 
in the cells there is really a solution of protein and lipoid in aqueous so- 
lution of salts, it becomes apparent at once that the physical chemical 
relationships of water to the other components of the body fluids are 
exceedingly complex. The hydrophilous colloids probably take up 
water by adsorption on the internal or disperse phase. This adsorbed 
water then dissolves in the substance of the particles of the colloid. 
Large amounts of water are thus taken up by gums, proteins and other 
emulsoid colloids with the result that swelling takes place. 

This imbibition of water is dependent on a variety of conditions such 


as hydrogen ion concentration and nature of the salt present. It is 


to the study of some of these conditions on the passage of water out of 
the circulation that the present investigation is devoted. 
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these ions produce their deleterious effect on cells 


The method employed in the following series of experiments consisted 
in the sudden increase of the blood volume to twice the normal volume 


and the measure of subsequent volume changes by means of hemoglobir 


determinations. The injected fluid was an isotonic solution of thy 
salt under consideration or, if the toxicity of the substance prohibited 
the maximum non-lethal dose made isotonic with sodium chloride. 
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Healthy rabbits in good nutritive condition were used in all the ex- 
periments. The solutions were isotonic with rabbit blood, the osmotic 
pressure being controlled by freezing point determinations. They were 
‘kept at the proper temperature in thermos bottles and injected at 37°C, 
The injection was made during ether anesthesia through a cannula into 
the left jugular vein from a graduated cylinder by means of pressure at 
such a rate that in two minutes a volume of fluid equal to the estimated 
blood volume of the animal was introduced. In some cases second and 
third injections were made. In the early experiments the figure 50 ce. 
per kilo (ef. Boycott, 17) was used asthe normal blood volume of the 


rabbit but later the value 01 of the body weight was used. 


From a cannula in the right carotid, samples of blood were taken 
before injection, immediately after injection and thereafter at five- 
minute intervals for one half hour followed by ten-minute intervals 
until the end of the experiment. The few drops of blood required for 
the analysis were caught in depressions of a paraffin plate from which 
measured volumes were immediately taken for the hemoglobin deter- 
minations. In the early part of the work these were made by the 
method of Haldane (18) using a standard whose oxygen capacity was 
determined by the method of Barcroft (19). The hemoglobin deter- 
minations made later were done by the method of Cohen and Smith (20). 

The bladder of the rabbit was emptied by squeezing before the ex- 
periment and all of the urine voided during the experiment and that 
remaining in the bladder on autopsy was collected and measured. At 
the conclusion of the experiment the animal was killed and autopsy 
made. 

‘Lhe term relative blood volume is used to mean the ratio of the hemo- 
globin percentage after the injection to that before the injection. The 
method of calculating it is as follows: assuming the original volume to 
be 100, if the hemoglobin value before the injection is 80 and after it is 
50, the relative blood volume after injection is = xX 100 = 160. These 
figures for relative blood volume, then, are really the percentage of the 
normal blood volume based on the hemoglobin content. 


The use of hemoglobin determinations as an index to the blood volume changes 
requires special consideration. This is a valid index only if, under the conditions 
of the experiment, there is a negligible variation in the erythrocyte count due to 
extrusion of new red cells into the blood stream. Increases in the red count and 
hemoglobin have been reported in a variety of conditions. Muscular contrac- 
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atelv after anesthesia with ether the red count is above n nal but that it grad- 
ually falls. It is conceivable that there may be an inere 1 ed count without 


an imerease in hemoglol in. 


experiments were carried out to determine whether or not the hemo- 
globin could be used as an index to blood volume under the conditions 
of the procedure outlined above and also whether the hemoglobin per- 
centage changed as a result of excitement and anesthesia in these experi- 
ments. The results (tables 1 and 2) show that not only did anesthesia, 
fright and withdrawal of successive small volumes of blood not change 
the hemoglobin percentage, but that the hemoglobin percentage varied 
ina parallel manner with the total solids. It seems reasonably certain, 
then, that under the experimental conditions outlined, the hemoglobin 
is a Valid and useful index to blood volume changes. 

Inasmuch as glycosuria has been observed following intravenous in- 
jections of salt solutions, it seemed of importance to determine whether 
or not there was hyperglycemia which, of itself, might exert some in- 
fluence on the dilution of the blood. In the present experiments there 
was no glycosuria following the injections except with colloidal silver. 
[nm one experiment (exper. 24) when sodium sulfocyanate was injected, 
the blood sugar was 0.075 per cent before anesthesia, 0.112 per cent 
after anesthesia and 0.209 per cent one half hour after the injection. 
\t this time the relative blood volume had returned to normal so that 
it may be said that such hyperglycemia as follows intravenous injection 
of salt solutions, exerts no appreciable effect on blood volume. This 
point needs, however, further investigation. 

Experiments with salt solutions. The following solutions were used: 
Sodium chloride 0.98 per cent, sodium acetate 1.23 per cent, sodium 
bromide, 1.8 per cent, sodium nitrate 1.5 per cent, sodium sulfocyanate 
1.36 per cent, sodium sulfate 2.0 per cent, sodium tartrate 1.5 per cent 
in 0.45 per cent sodium chloride and sodium citrate 0.26 per cent in 0.9 
per cent sodium chloride. These solutions were isotonic with rabbits 
blood. The injection was rapid—a volume equal to the blood volume 
being introduced in two minutes. In the case of the chloride, bromide 
and sulfate in some of the experiments, the respiration was slower and 
more labored during the injection. In the case of tartrate the respira- 


tion was quickened. With the citrate there were muscular spasms. 
From table 3 it will be seen that the salts differ somewhat in their 
influence on the passage of water out of the circulation. With citrate, 


tartrate and sulfate the relative blood volume stayed above normal 
longer than in any other case; with the chloride the return to normal 


| | 


Was more rapid while wit 
to normal blood volume wa 
citrate, tartrate and sulfat 

In all of these experiment larger part of the 
appears within the first five minutes and a considerabl 
the circulation during the injection (17). Immediately 
jection there Is an enormous increase in the 
capillaries. This pressure accoul! ts lor t he 

4] 


in volume changes between all the salts within the 


after injection. 


minute 
Normal 
Immediatels 


) 


104 
102 
102 


The differences in behavior between the citrate, tartrate and sulfate 
and the rest of the salts became apparent later in the experiment, 1. 
twenty-five or thirty minutes after the injection. The effect of the 
given salt on the diffusion of fluid is then seen. On the basis of the 
present experiments the salts can be arranged in the order of their ef- 
fect in permitting the passage of fluid out of the circulation, as follows: 

acetate, nitrate, sulfoevanate , bromide > chloride > tartrate, sulfate, 
citrate. 

The physical chemical systems in the blood vessels immediately after 
introducing the injection fluid are very complex. In the blood the 
plasma proteins, the red corpuscles and lipoids occur suspended in, ot 
dissolved in, a water solution of various inorganie salts. It is obvious 
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that the injection fluid will first react with the substances in the blood 


insofar as it is capable of producing any change in the equilibrium there. 


Since proteins are ionized and obey the law of mass action (26), (27) a 
chemical readjustment in the blood stream after the injection of the 
salt solutions may be expected. Hence the character of the fluid thus 
established in this newly constituted system may be sufficient to account 
for the differences of rate with which fluid leaves the circulation after 
the injections of various salt solutions. 

Again, although we were very careful to have the solutions isotonic 
when injected, it does not follow that the osmotie conditions in the 
blood stream remain unchanged after the addition of the salts. There 
may have been some degree of ion-colloid readjustment or even double 
decomposition between inorganic salts which might change the osmotic 
pressure of the blood temporarily. The calcium precipitants, especially, 
might act in this way. 

A third possible factor in regulating the speed with which the added 
Huid leaves the circulation is the ‘‘ permeability” of the membrane form- 
ing the capillary wall. It is obvious that most of the investigations of 
the permeability of isolated plant and animal cells can not be applied 
to the capillary endothelial membrane except in a very general way, for 
the proteins and especially the salts of the plasma constitute, as can be 
inferred from the above discussion, a very effective system for main- 
taining not only a constant reaction but also a constant balance of salts 
and colloids. It is because of this regulating mechanism that the dif- 
ference between the salts used in these experiments was so small when 
judged by their effect on the movement of fluid out of the circulation. 
The sulfate, tartrate and citrate action was more pronounced becausé 
of their double effect: they may have reduced the water-holding ca- 
pacity of serum proteins either through formation of less ionized com- 
binations or through purely physical means; and secondly, they may 
have decreased the permeability of the capillary membranes so that the 
free movement of surplus fluid out of the circulation observed with 
the chloride, for instance, was interfered with. It is possible that the 
combination of the above mentioned factors resulted in the diminished 
speed of return of the augmented blood volume observed after injection 
of solutions containing sulfate, tartrate or citrate. 

The analogy between the action of the various salts on the capillary 
membranes and on other membranes is suggestive. Magnesium sul- 
fate, sodium sulfate, magnesium citrate and sodium potassium tartrate 
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dogs, Chiari and Januschke 329) reported that calcium iniecte 
inhibited the transudation after treatments whicl y 
copious amount of fluid. The whole scheme of exper 
in this investigation Fhe appearance of ieterus after the 
resein was found by Resenow (33) to be distinctly inhibited 
Small amounts of concentrated sodium ehloride 
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the salt solution (34 Slow injections of large volumes of 
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In the present experiments calcium chlorick Was it! 
chloride in solution to aseertain whether or not thi 
would hinder the movement of fluid out of the expillaries. As 


seen from table 1 instea lof inhibiting the return to normal re! 


volume, the presence of the calcium seemed, if anything, to hast 


outward passage of the injected fluid. Yanagawa (42) had 
that calcium chloride does not reduce the permeability of the « 
under normal conditions. 


In the second injection of experiment 31, 0.25 gram calcium 


dissolved in isotonic sucrose solution was injected and the anima 


with tetanic convulsions. The left ventricle was in strong conti 
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and there was a clot in the right auricle. When a higher concentra- 
tion of calcium chloride in sodium chloride solution was injected there 
were no untoward effects. This seems to indicate that the sodium 


exerted an antagonism not shown by the sucrose. 


rABLE 4 


volume afte ~njpeclion oO 


chloride elative bioed volume 


Normal 100 100 100 
Immediately 125 141 134 


» 10S 113 110 
10 102 105 100 
15 


The effect of colloidal silver. Colloidal silver is a suspensoid colloid 
while the blood proteins are emulsoid colloids. Spiro (43) has reported 


that the imbibition of water by gelatin is accelerated by the presence 
of colloidal iron oxide. The present experiments were carried out to 
determine the effect of the interaction of the two types of colloids upon 
the movement of water out of the circulation. The technic was the 


same as used before in the present experiments. The silver preparation 


used (Solargentum, Squibb)? is said to contain about 20 per cent silver 


It was dissolved in 0.97 per cent sodium chloride solution and in three 
cases the dosage was 50, 100 and 200 mgm. respectively dissolved in 


100 ce. of the salt solution. It caused no depression of the freezing point 
and gave a golden brown solution which did not interfere with the 
hemoglobin determinations. 


? This preparation was kindly furnished through Dr. I. F. Harris by E. R. 
Squibb & Sons. 
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Table 5 shows the results of injecting colloidal silver s« 
the amount injected was 50 or 200 mgm. there was no appreciable 
on the return to normal of the relative blood volume. When 100 
were injected the relative blood volume remained above normal. 


+) + 


injection was, however, the second dose of colloidal silver tha 


had received. It appears that there may be a cumulative effect 


colloidal silver solution. There was glycosuria in all cases 


injection of colloidal silver. This point will be investigated fun 


rABLI 


Norma! 


Immediately 


) 


10 


15 
20 
25 
30 
40) 


The effect of acacia. Since varying accounts of the value of acaci 
in shock have been reported, it seemed of interest to trv its effect in 
normal animals under the conditions of our experiments. In circula 
tory shock saline solution or Ringer’s solution given intravenous! 
leaves the circulation so rapidly that it helps little. Bayliss (44 

$5), (46) introduced the use of gum acacia and has been its foremost 
champion. The value of acacia lies in the fact that it possesses not on! 

viscosity but also a small osmotic pressure thus simulating the plasm 

proteins. He recommends the intravenous use of 7 per cent acacia 1! 
0.9 per cent sodium chloride solution in the treatment of shock on thi 
theory that if the blood pressure and aeration are kept up acidosis need 
not be feared. 
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the blood volume regulation in normal animals 


1a was made In the present Investigation accora 


chnie alre ady deseribed, a solution ol 7 
eent sodium chloride ( A = 0.5 


the acacia alone was 0.07. 


Table 6 shows that considerable fluid passed out of the cirreulation 
during the imiection. The acacia maintained the augmented blood 
volume in a way not observed with any other substance used in thes 
experiments. It held the relative blood volume one-third above hnor- 


mal for more than : 


Moore 7 tril I alue of acacia to the reste tion of the hy 
colloids to the blood hat it exerts a small persistent osmotie pressure 
ntains th I ( volume h is been asserted by Cia Erl inger 
Kruse (49 ver, has suggested that the value of acacia in ma 
od volume ma ) l dsorption on the capillary walls, whereby 
the fluid f n th is impeded. 
The effect of acid on the swelling « 
if membranes has been widely studied. Sp 
ochlorie acid caused gelatin dises to swell more th 
showed that increased swelling was obtained when carbon dioxid 
onductivi Fischer (51) demonstrated the swelling « 
studying diffusion, found that acid first deere 
membrane but later increased it Harvey 53 
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To test this point with reference to changes within the b 

and , hydrochloric acid made isotonic with 0.7 pel 
per cent sodium chloride respectively were injected as in ex 
already recorded. “ acid seemed to be the limit of toleran 
the conditions of the experiment. Several of the rabbits d 
the injection and on autopsy showed pulmonary edema 
fusion there were in every case dyspnea and spasmodic contract 
the voluntary muscles. 

From table 7 it will be seen that in the concentrations used 
chlorie acid failed to decrease the rate of passage ol fluid o 
blood vessels. The relative blood volume returned to normal as 
idly when acid-sodium chloride solutions were used as with the sod 


chloride alone 
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The effect of sucrose. To determine the effect of 
electrolyte on the removal of fluid added to the blood 10.9 
sucrose solution (A 0.59) was injected in one ¢ kperiment I 


table 8 it will be seen that the relative blood volume return: 
as rapidly as with saline solution. 


TABLE 8 


Re g lation oj blood vol ime after injec tion of i 


TIME INTEF A XI F N I 
m 
Normal 100 
Immediately 158 
5 146 
10 119 
15 109 
20 104 
25 101 
40 100 
60 
Fate of the injected fluid. From the preceding experiments 
dent that with the exception of the citrate, tartrate, sulfate and acacia 
none of the substances injected decreased the rate of loss of fluid trom 4 
the circulation as judged by the variation in blood volume. In the of 
majority of cases a volume of fluid equal to the blood volume diffused 
out of the circulation in less than one half-hour. In speculating upor 
and, if possible, determining the fate of this fluid, attention is directe P 
to the possible paths of elimination of this excess of volume. It 
be excreted through the kidneys, it may accumulate as edema flu / 
may form serous exudates, it may pass into the tissue spaces or it may 
be excreted into the gastro-intestinal tract. 


Haldane and Priestley 54) have shown in a striking mani 
copious water drinking results in a large urine output. The effect 
water drinking upon the circulation must be analogous to that produce 
by the injection of isotonic solutions in our experiments. Magnus 
55), (56) concluded that the cause of the diuretic action of salts lies 
the composition of the blood and not in the increased capillary pressu 
He found that sulfate solutions of the same osmotic pressure as Chloride : 
solutions produced greater diuresis. 


| 
| 


ARTHUR H. SMITH AND LAFAYETTE B. MENDEL 


rABLE 9 
olume as pe rcentage of injected solut on 


EXPERI 
MENT 


NUMBER 


im citrate 


l foes anate 


‘id-sodium chloride 


340 
SOLUTION | | PER CENT AVERAGE 
55 
7 64 
podium sulfate.... 
Sodiur ilfate. 0) 5] 
27 110 70 ' 
28 
5 66 
Sodium nitrate....... . 17 63 
28 22 
30 37 43 
44 16 
Colloidal silver. ... 15 29 23 
36 
37 21 
38 14 21 
3 
Sodiun 14 17 
23 13 19 
Sodium acetate ” 23 19 
Calcium chloride lit -hloride 
aicium chioride-sodium 23 20 17 
46 26 
Sodium tartrate... 4s 
18 13 
34 10 
Hydrochloric 54 16 
55 11 
9 6 
Sodium chloride. . 4 11 12 
18 9 
10 8 
Sodium bromide....... ‘ 12 8 
13 12 9 
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Table 9 shows the average figures for urine volumes ¢ eted during 
the various experiments and calculated as percentages of 
volume. Sulfate and nitrate induced the largest secretion of urine ob- 
served with any of the salts or substances investigated. This corre- 
sponds with the statements in the literature on the comparat 
effect of these salts. However, even in the sulfate ¢ xperiments whet! 
the salt caused the greatest diuresis the urine volume did not account 
for the fluid which had left the circulation. 

The nature of edema and the factors involved in its production have 
long been matters of discussion. Cohnheim and Lichtenheim (57) in- 
jected salt solution until they had given 46 per cent of its weight to 
rabbit and 64 per cent toa dog vet they failed to observe subcutaneous 
edema. On infusing salt solution after arsenic poisoning, Magnus (5S 
produced edema although in normal animals plethora elicited no edema. 
It is evident from the literature that hyvdremic plethora will not produce 
the edema which is characteristic of nephritis. In the present experi- 


ments no patent edema was observed in any of the animals. j 

The pleural and peritoneal cavities offer considerable free space for i 
the accumulation of pathological fluids. After injection of saline solu- } 
tion Cohnheim and Lichtenheim (57) found fluid in the peritoneal cavit) a 
but the pleural cavity was dry. Of the fluid injected into rabbits, 1 


Dastre and Loye (59) found 75 per cent in the tissue spaces and serous 
cavities. In the present experiments the pleural cavity was, as a rul 
normal in appearance. The peritoneal cavity usually contained fluid but 
there was never more than 5 cc. of transudate which usually contained ' 
protein and the salt injected and would clot. It is certain that the fluid 
in the peritoneal cavity accounted for very little of that which diffused 
out of the blood vessels. 

The indefinite area known as “tissue spaces”’ constitutes a reservol 
of Huid in the animal body. After hemorrhage the volume of blood is 
brought back toward normal by the passage of lymph from the musel 
and other tissues into the circulation. Hypertonic solutions draw part 
of the fluid which renders them isotonic from the tissue spaces. Engels 
60) reported that 68 per cent of the fluid injected into a dog was con- 
tained in the muscles. In the present investigation experiments were 
carried out to determine whether or not the amount of water contained 
in the muscle was demonstrably increased. From table 10 it will b 
seen that the percentage of water did not vary after the injection. 
This was rather surprising after the statements made in the literature. 


All of the older experiments dealt with slow infusions extending over a 
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long period of time. Perhaps the manner in which we carried out the 
experiment altered the distribution of the fluid. 

The excretory function of the small intestine has been given consid- 
erable attention in the literature. In the course of their experiments on 
hydremic plethora, Cohnheim and Lichtenheim (57) observed that the 
stomach and intestine became swollen. Albu (61) reported that after 
injection the intestinal contents became a thin paste. J. B. MacCal- 
lum (62) injected large volumes of normal saline solution intravenously ; 
and from a cannula tied in the intestine he obtained fluid which 
amounted to 15 per cent, 9 per cent and 10 per cent of the injected 
volume in three different experiments. 


rABLE 10 


The water content of » cles before and after injection of isotonic salt solutions 


Experiment 41 
Before injection 
After injection 

Experiment 42 
Before injection 
After injection 

Experiment 43 
Before injection 
After injection 


In the present experiments abnormal distention was repeatedly no- 
ticed which, on autopsy, Was seen to be due to the injection ot the stom- 


ach, small intestine and ceeum. The mass of material in these organs 


was a thin paste and on section fluid streamed from the stomach. ‘These 


observations indicate that, under the conditions of our experiments, 
some fluid was excreted into the gastro-intestinal tract. 

From the above discussion it appears that the part of the injected 
Huid which diffused out of the blood stream in these experiments can be 
accounted for in the urine, in the exudations into the serous cavities 
and in the exeretion into the intestinal tract. In these experiments 
there was, however, no trace of edema nor was there detectable increase 


in the water content of the skeletal muscles. 
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When isotonic solutions of the 
ide, chloride, tartrate, sulfate or citrate of sodium a 
venously at such a rate that a volume equal to the estima 
ume is introduced in two minutes, the rate at which thi 
escapes from the circulation, as measured by the relative ble 
at successive subsequent intervals, is decreased to a slight e 
sulfate, tartrate and citrate. 

When caleium chloride, hydrochlorie acid or colloids 


dissolved in sodium chloride solution and was injected intra 


there was no alteration of the rate of return to normal blood 


When acacia-sodium chloride solution was used there 
and long sustained increase in the relative blood volume 

Sucrose in isotonic solution did not delay the passage of fluid f 
blood vessels. 

ume after the injection could not be accounted for by the passage into 
the muscles or by edema fluid. The volume of urine, exudate into thy 
serous cavities and the excretion into the intestine and stomach proba- 


bly are econeerned in the disposal of the fluid leaving the circulation. 
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